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FOREWORD 


A rapidly increasing number of military and hi-rel applications are turning toward microprocessor based 
architectures and high density memory components, taking advantage of the benefits of size, economy, 
performance and reliability. This demand for high technology LSI products with proven reliability is a natural 
extension of Intel’s historic capabilities. 


Intel offers a broad line of LSI components processed and tested to military standards. All standard products 
are screened to full Class B requirements of MIL-STD-883B, Method 5004. Additionally, complete quality 
conformance testing is performed in accordance with MIL-STD-883B, Method 5005. 


Intel will continue to demonstrate its commitment to the military/hi-rel market by upgrading the latest 
breakthroughs in high performance LSI/VLSI technology to military standards. Also, as slash sheets are 
issued, Intel plans to support additional JAN qualifications. 


In 1977, Intel qualified the first military microprocessor under MIL-M-38510. The JAN version of the industry 
standard 8080A is listed in Part | of the Qualified Products List (QPL-38510) as M38510/42001BQB. 


Every effort is made to adopt the processing and performance standards set by official military specifications. 
Table | lists the available versions of each product: 
MIL-M-38510: Products qualified to MIL-M-38510 and listed in QPL-38510. 
Example: Part number Marking 
M38510/42001BQB JM38510/42001BQB 
883/CLASS B: Intel’s standard military product with full Class B processing per MIL-STD-883B, Methods 5004 
and 5005. 
Example: Part number Marking 
MD2716 MD2716/B 


DESC SPEC: Class B products screened to DESC Selected Item Drawing (issued by Defense Electronics 
Supply Center). DESC specs become obsolete when QPL source for JAN product becomes available. 


Example: Part number Marking 
7802201JB 7802201JB 
MD2716/B 


MIL TEMP ONLY (MTO): Standard commercial processing, guaranteed to meet Intel military data sheet 
electrical specifications across the rated temperature range. Must be special ordered. 


Example: Part number Marking 
MD2716 $8311 MD2716 
$8311 


TABLE | 
MILITARY PRODUCTS 


Mil Temp Desc 


Only 883/ Selected JAN 
Product (S-spec No.) Class B Item Drawing (MIL-M-38510/XXX) 


M2114A-4 
M2114A-5 
M2114AL-3 
M2114AL-4 
M2118-4 
M2118-7 
M2147H 
M2147H-3 
M2148H 
M2716 
M2732 
M3636 
M8048 
M8748 
M8035L 
M8080A 
M8212 
M8214 
M8216 
M8224 
M8226 
M8228 
M8085A 
M8155 
M8755A 
M8086 
M8282 
M8283 
M8284 
M8286 
M8287 
M8288 
M8251A 
M8253 
M8255A 
M8257 
M8259A 
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*Pending—Call nearest Intel sales office for information. 


MILITARY PRODUCT REQUIREMENTS 


MIL-M-38510 
Requirements 


General Requirements 


CERTIFICATION 
A. Product Assurance 
Program Plan 
B. Manufacturer’s 
Certification 


DEVICE QUALIFICATION 
TRACEABILITY 


COUNTRY OF MANUFACTURE 


Screening Test 
Requirements 


INTERNAL VISUAL 


STABILIZATION BAKE 


TEMPERATURE CYCLING 


CONSTANT ACCELERATION 


SEAL (HERMETICITY) 
A. Fine 


B. Gross 


PRE BURN-IN ELECTRICAL 


BURN-IN 


FINAL ELECTRICAL TESTS. 
A. Static (@ 25°C, Min and 
Max Rated Temp) 
B. Functional and 
Switching (@ 25°C, Min. 
and Max Rated Temp) 


EXTERNAL VISUAL 


Quality Conformance 
Inspection Tests 


GROUP A 
Electrical Tests 


GROUP B 
Package Function and 
Mechanical Tests 


GROUP C 
Die Related Tests 


GROUP D 
Package Related Tests 


2010, Cond. B 


1008, Cond. C 
(24 Hrs. @ 150°C) 


1010, Cond. C (10 cycles 
— 65°C to + 150°C) 


2001, Cond. DorE 
As Applicable 


1014, Cond. B 
(5 x 10 ~ 8 atm-cc/sec) 
Cond. C 


Per Applicable Device 
Specification 


1015, Cond. CG or D 
(160 Hrs. @ 125°C) 


Per Applicable Device 
Specification 
Per Applicable Device 
Specification 


Per Applicable Device 
Specification. Table l, 


Subgroups as Required 


Per Table IIb, 
Subgroups 1-3 


Per Table Ill, 
Subgroups 1 and 2 


Per Table IV, 
Subgroups 1-5 


JAN 
(Class B) 


Screening Per Method 
5004 of MIL-STD-883 


Per MIL-STD-883, JAN 
Method 5005 (Level B) 


Every 
Inspection 
Lot 


Every 6 
Weeks 
Every 12 
Weeks 


Every 6 
Months 


883 
(Class B) 


MIL-STD-883 
Requirements 


Apply 


100% 


100% 


100% 


100% 


100% 


100% 


100% 


100% 


100% 


100% 


883 
(Level B) 


Every 
Inspection 
Lot 


Every 6 
Weeks 
Every 12 
Weeks 


Every 6 
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M2114A 
1024 X 4 BIT STATIC RAM 


MILITARY 


M2114AL-3 | M2114AL-4 | M2114A-4 | M2114A-5_ 
es ee 


Max. Access Time (ns) 


Max. Current (mA) 


= HMOS Technology = Directly TTL Compatible: All Inputs 
m Low Power, High Speed and Outputs 
= Identical Cycle and Access Times = Common Data Input and Output Using 
= Single +5V Supply +10% Three-State Outputs 
m High Density 18 Pin Package m M2114 Upgrade 
= Completely Static Memory - No Clock = Military Temperature Range -55°C 
or Timing Strobe Required to +125°C 


The Intel® M2114A is a 4096-bit static Random Access Memory organized as 1024 words by 4-bits using HMOS, a high per- 
formance MOS technology. It uses fully DC stable (static) circuitry throughout, in both the array and the decoding, therefore it 
requires no clocks or refreshing to operate. Data access is particularly simple since address setup times are not required. The 
data is read out nondestructively and has the same polarity as the input data.) Common input/output pins are provided. 


The M2114A is designed for memory applications where the high performance and high reliability of HMOS, low cost, large bit 
storage, and simple interfacing are important design objectives. The M2114A is placed in an 18-pin package for the highest 
possible density. 

It is directly TTL compatible in all respects: inputs, outputs. and a single +5V supply. A separate Chip Select (CS) lead allows 
easy selection of an individual package when outputs are or-tied.. 


MEMORY ARRAY 
64 ROWS 
64 COLUMNS 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 
a> 
Ay = ae. Vec 
A, = a ome 
a 


> > 
~ a 


Ele) 


> 
a 


PIN NAMES 


A,—Ac ADDRESS INPUTS 
VE WRITE ENABLE GND GROUND 
cs CHIP SELECT 


10,-0, DATAINPUT/OUTPUT | 


(©) = PIN NUMBERS 


Intel Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in an Intel product. No other circuit patent licenses are implied. 
© INTEL CORPORATION, 1977, 1979, 1980 February, 1980 
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intel M2114A FAMILY 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias ................ -65°C to 135°C “COMMENT: Stresses above those listed under “Absolute 
Storage Temperature.................... -65°C to 150°C Maximum Ratings" may cause permanent damage to the device. 
Voltage on any Pin This is a stress rating only and functional operation of the device 

at these or any other conditions above those indicated in the 


alu Respect to Ground. ..... 2... eee “3.8V to +7V operational sections of this specification is not implied. Ex- 
POWEl DISSIPANONs o7adcnbagiemy toy setengaweadecdaas 1.0W posure is not implied. Exposure to absolute maximum rating 
D.C. Output Current ..........000000....00.00000000. 5mA conditions for extended periods may affect device reliability. 


D.C. AND OPERATING CHARACTERISTICS 
Ta = -55°C to +125°C, Vec = 5V +10%, unless otherwise noted. 
M2114AL-3/L-4 


SYMBOL PARAMETER Min. Typ.’ Max. 
hus Input Load Current 10 UA 
(All Input Pins) 
10 Ul 
2 50 


M2114A-4/-5 
Min. Typ.'" 


: Max. 
10 
10 
50 70 


Input Low Voltage =3.0 0.8 =3.0 0.8 
Input High Voltage 2.0 60 | 20 6.0 


NOTE: 1. Typical values are for Ta = 25°C and Vcc = 5.0V. 
2. Duration not to exceed 30 seconds. 


CAPACITANCE 
Ta = 25°C, f = 1.0 MHz 


SYMBOL TEST | MAX UNIT | CONDITIONS 


NOTE: This parameter is periodically sampled and not 100% tested. 


A.C. CONDITIONS OF TEST 


Input Pulse Levels........4<.00s0s vevewvascavecacdaucbesadeci. 0.8 Volt to 2.0 Volt 
Input Rise and Fall Times...... 00... 0. ccc ccc cee cccce eee ee. 10 nsec 
Input and Output Timing Levels.........00 0000. e ccc ec cece ce eee. 1.5 Volts 
O10 0G clo er en a ee 1 TTL Gate and C. = 100 pF 
ee SN 
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intel M2114A FAMILY 


A.C. CHARACTERISTICS  T, = -55°C to +125°C, Vcc = 5V +10%, unless otherwise noted. 
READ CYCLE !1! 


M2114AL-3 M2114A-4/L-4 M2114A-5 
SYMBOL PARAMETER M M Min. Max. 
2 


in. 

Read Cycle Time 
10 
15 


tc | Chip Selection to Output Active | 10 
Output 3-state from Deselection a 


Max. 
[th si AccessTime Tt 200 

70 

50 


in. Max. 
| 
1 
= | . 
, 40 | 
iE 


twe 

[tw [| WriteTime = ——i‘idT=SC]s,s120 
tow 
ton 


M2114AL-3 M2114A-4/L-4 M2114A-5 
SYMBOL PARAMETER Min. Max. | M Max. | Min. Max. 
0 50 


in. 
20 


135 


Data Hold from Write Time 
NOTES: 


1. A Read occurs during the overlap of a low CS and a high WE. 
2. AWrite occurs during the overlap of alow CS and a low WE. tw is measured from the latter of CS or WE going low to the earlier of CS or 
WE going high. 


WAVEFORMS 
READ CYCLE® WRITE CYCLE 
ADDRESS eae ee owe 
©) 
es \\\\\\k ITLL LL 
3S As EL GEMEE, 
Niece neat a OW 
Dour XK  £ = 
NOTES: SELEEREEEBEE 


3. WE is high for a Read Cycle. Pour Teed 


4. Ifthe CS low transition occurs simultaneously with the WE low 
transition, the output buffers remain in a high impedance 
state. IN aK DIDAALAALL 


5. WE must be high during all address transitions. 


tow toH 


intel M2114A FAMILY 


TYPICAL D.C. AND A.C. CHARACTERISTICS 


NORMALIZED ACCESS TIME VS. NORMALIZED ACCESS TIME VS. 
SUPPLY VOLTAGE AMBIENT TEMPERATURE 


1.0 
2 
= ra 
Oo 09 N 
N z 
Zoe 5 
ra z 
= 
0.6 
0.5 
4.50 4.75 5.00 5.25 5.50 
Voc (V) Ta (°C) 
NORMALIZED ACCESS TIME VS. NORMALIZED POWER SUPPLY CURRENT 
OUTPUT LOAD CAPACITANCE VS. AMBIENT TEMPERATURE 
oO 
< 2 
Ss O 
a N 
> a | 
$ s 
a ce 
[e) oO 
z z 
C. (pF) Ta (°C) 
OUTPUT SOURCE CURRENT OUTPUT SINK CURRENT 
VS. OUTPUT VOLTAGE VS. OUTPUT VOLTAGE 
80 
60 
é é 
5 5 40 


20 


Vor (V) 


; : PRELIMINARY 
intel 


M2118 FAMILY 


16,384 x 1 BIT DYNAMIC RAM 
MILITARY 


| M2118-4 | M2118-7_| 
| 150 
[ Read, Write Cycle(ns) | 270 | 820 
[| Read-Modify Cycle(ns) | 820 | 410 


CAS Controlled Output is 
Three-State, TTL Compatible 


RAS Only Refresh 

128 Refresh Cycles Required 
Every 2ms 

Allows Negative Overshoot 
Vit min = -2V 


@ All Inputs, Including Clocks, Military Temperature Range 
TTL Compatible —55° to +85°C 


The Intel® M2118 is a 16,384 word by 1-bit Dynamic MOS RAM designed to operate from a single +5V power supply. The 
M2118 is fabricated using HMOS—a production proven process for high performance, high reliability, and high storage 
density. 

The M2118 uses a single transistor dynamic storage cell and advanced dynamic circuitry to achieve high speed with low 
power dissipation. The circuit design minimizes the current transients typical of dynamic RAM operation. These low cur- 
rent transients contribute to the high noise immunity of the M2118 in a system environment. 

Multiplexing the 14 address bits into the 7 address input pins allows the M2118 to be packaged in the industry standard 
16-pin DIP. The two 7-bit address words are latched into the M21 18 by the two TTL clocks, Row Address Strobe (RAS) and 
Column Address Strobe (CAS). Non-critical timing requirements for RAS and CAS allow use of the address multiplexing 
technique while maintaining high performance. 

The M2118 three-state output is controlled by CAS, independent of RAS. After a valid read or read-modify-write cycle, 
data is latched on the output by holding CAS low. The data out pin is returned to the high impedance state by returning 
CAS to a high state. | 

The single transistor storage cell requires refreshing for data retention. Refreshing is accomplished by performing RAS- 
only refresh cycles, or normal read or write cycles on the 428 address combinations of Ag through Ag during a 2ms period. 
A write cycle will refresh stored data on all bits of the selected row except the bit which is addressed. 


H@ Single +5V Supply, + 10% Tolerance 
@ HMOS Technology 


m@ Low Power: 150 mW Max. Operating 
11 mW Max. Standby 


M@ Low Vpp Current Transients 


PIN BLOCK DIAGRAM 


CONFIGURATION LOGIC SYMBOL 
= VG 
1 ae 64 x 128 CELL = V5 
pECopeRs| MEMORY ARRAY 
128 SENSE 
AMPLIFIERS 1OF 27 JouteuTL > 
1 OF 64 COLUMN ay ee BUFFER ouT 
DECODERS | 


oA 1 OF 64 
DECODERS MEMORY ARRAY 
RAS CLOCK CLOCK WRITE DATA 
GENERATOR GENERATOR ENABLE INPUT 
NO. 1 NO. 2 BUFFER BUFFER 


&wn - 0 


>PDprPPr PPD 


na wv 


ADDRESS BUS 


LATCH 
(COLUMN) 


[vss GROUND 
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intel M2118 FAMILY PRELIMINARY 


ABSOLUTE MAXIMUM RATINGS* *COMMENT: 


: ‘ Stresses above those listed under “Absolute Maximum Rating” 
Ambient Temperature Under Bias .... -65°C to +95°C may cause permanent damage to the device. This is a stress 


Storage Temperature ............. -— 65°C to + 150°C rating only and functional operation of the device at these or at 
Voltage on any Pin Relative toVsg .........0.000- 7.5V any other condition above those indicated in the operational 
Data Out Current 50mA sections of this specification is not implied. Exposure to ab- 

i SN il solute maximum rating conditions for extended periods may af- 
Power Dissipation ............ 0.0... cc cece eee 1.0W fect device reliability. 


D.C. AND OPERATING CHARACTERISTICS "1 
Ta = —55°C to +85°C, Vpp = 5V +10%, Vss = OV, unless otherwise noted. 


i 


Heal Input Load Current (any input) 

| |ILol Output Leakage Current for 
High Impedance State 

Hipp | Voo Supply Current, Standby PF 2 
Vpp Supply Current, Operating L 4 | 25 | mal M2118-4, tac = tromin ae 

[18 | 23 [ma] Mo1187, tro = tron = 

Voo Supply Current, RAS-Only ae = 
Cycle —_ 
Vop Supply Current, Standby, 
Output Enabled 


Input High Voltage (all inputs) 
NOTES: 


1. All voltages referenced to Vss. 
2. Typical values are for TA = 25°C and nominal supply voltages. 
3. Ipp is dependent on output loading when the device output is selected. Specified |,, Max is measured with the output open. 


CAPACITANCE!" 
Ta = 25°C, Vop = 5V +10%, Vss = OV, unless otherwise noted. 


| Symbol Parameter 
Address, Data In 


RAS, CAS, WE, Data Out 


NOTES: 


|. Capacitance measured with Boonton Meter or effective Capacitance calculated from the equation: 
C = Ist with av equal to 3 volts and power supplies at nominal levels. 
AV 
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A.C. CHARACTERISTICS !1:2.5! 
Ta = —55°C to +85°C, Vpp = 5V +10%, Vssg = OV, unless otherwise noted. 
READ, WRITE, READ-MODIFY-WRITE AND REFRESH CYCLES 


Access Time From RAS 


Access Time From CAS 
Time Between Refresh 


CAS Hold Time 

Row Address Set-Up Time 

Row Address. Hold Time 

Column Address Set-Up Time 
Column Address Hold Time 
Column Address Hold Time, to RA 


tT Transition Time (Rise and Fall) 3 50 
Output Buffer Turn Off Delay 


{CAs CAS Pulse Width 
[ines [Read Command S2-UpTine 
[nen Read Command Hote fine Sd 


WRITE CYCLE 


READ-MODIFY-WRITE CYCLE 
Read-Modity-Write Cycle Time 


NOT 
4 


2. 


on 


ES: 


All voltages referenced to Vss. 

Eight cycles are required after power up or prolonged periods 
(greater than 2ms) of RAS inactivity before proper device operation is 
achieved. Any 8 cycles which perform refresh are adequate for this 
purpose. 

A.C. Characteristics assume tt =5ns. 

Assume that taco <trcp(max). If tacp is greater than tacp (max.) 
then trac will increase by the amount that tacp exceeds tRcp (max.). 
Load = 2 TTL loads and 100pF 

Assumes trop =trRcp (max.). 


M2118 FAMILY 


[Random witeGyceTime ——~SC~“‘*‘“‘*‘“‘“*~*~*zIOC*“‘*z‘SN’™SC™SCSd;Cs 
[wes [write Conmana Setuptime ——SOSC—“C~SC‘“~<~<;<Sidt CS — 
we [write Command Puse wih ——Ss—=“‘*‘“*‘“‘rCC™C*dCCS 
[aw write Command to AAS Leadtime——SSC~=“‘*‘*‘“dtSCSC*“‘“(g§YTN™~C*d 
[DateinserupTime ——SSCSC‘~;~‘~C~isr  ~SC*d 
[DawinnowTime SCSC—‘“‘~i SS 
[tome [DateinHois time wos OSCSC—“—~*~—s—~—t Bs PO 


PRELIMINARY 


70 


tracp(max.) is specified as a reference point only. If trcp is less than 
tRCD (max.) access time is trac. If tacp is greater than trop (max.) 
access time is tacp + tcac. 

tr is measured between Vix (min.) and Vit (max.). 

twcs, tcwp and trwo are specified as reference points only. If twos 
= twcs (min.) the cycle is an early write cycle and the data out pin 
will remain high impedance throughout the entire cycle. If tcwo = 
tcwp (min.) and tawo 2 trwop (min.), the cycle is a read-modify-write 
cycle and the data out will contain the data read from the selected 
address. If neither of the above conditions is satisfied, the condition 
of the data out is indeterminate. 


Intel M2118 FAMILY PRELIMINARY 


I 


"WAVEFORMS 


READ CYCLE 


ae 


MH NA ‘a COLUMN 
ADDRESSES x ABORESS 
Vit 4 


Vin 


IMPEDANCE 


WRITE CYCLE 


RAS 


— 
SEEK YS Sl. KT 
ADORESSES 
A 
Vv N ADDRESS AN DDRESS 


twer i 


tops —>|  |<—____ tou (6) ener e 
YD % 
>: Come < 
toHR 


HIGH 
IMPEDANCE 


NOTES: 1,2. Ving min AND Vit max ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS. 
3.4. Von min AND Vo_ max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Dour: 
5. torr IS MEASURED TO Igut < llLo |. 
6. tos AND ton ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST. 
7. tac IS REFERENCED TO THE TRAILING EDGE OF OF CAS \S OR RAS, WHICHEVER OCCURS iS FIRST. 
8. tcrp REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS- 
ONLY CYCLE (1.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS). 
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4 M2118 FAMILY 


WAVEFORMS 


READ-MODIFY-WRITE CYCLE 


PRELIMINARY 


: I 


fos Se 


v \} Y ¥ 
* a) ROW N K/ Pd 
ADDRESSES y ©) apbress KN coonrss 


COLUM 
ADDRE 
a. aes ee 


IMPEDANCE 


RAS-ONLY REFRESH CYCLE 


ADDRESSES 


HIGH 
IMPEDANCE 


NOTES: 1,2. Vin min AND Vit max ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS. 
3.4. Von min AND Vo max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Dour. 
5. torr IS MEASURED TO lout < |ILol. 
6. tps AND tpy ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST. 
7. ternp REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS- 
ONLY CYCLE (i.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS). 


tap ———> 
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intel M2147H 


HIGH SPEED 4096 x 1 BIT STATIC RAM 
: MILITARY 


M2147H-3 M2147H 
Max. Access Time (ns) 


ss 0 
Max. Active Current (mA) | 180 | 180 
Max. Standby Current (mA) | 80 | 80 


Direct Performance Upgrade for M2147 
Automatic Power-Down 

High Density 18-Pin Package 
Separate Data Input and Output 


=» Pinout, Function, and Power Com- 
patible to Industry Standard M2147 


a HMOS II Technology 


a Completely Static Memory—No Clock 
or Timing Strobe Required Three-State Output 


a Equal Access and Cycle Times Full Military Temperature Range 
s Single +5V Supply — 55°C to +125°C 


The Intel® M2147H is a 4096-bit static Random Access Memory organized as 4096 words by 1-bit using 
HMOS I, Intel’s next generation high-performance MOS technology. It uses a uniquely innovative design 
approach which provides the ease-of-use features associated with non-clocked static memories and the 
reduced standby power dissipation associated with clocked static memories. To the user this means low 
Standby power dissipation without the need for clocks, address setup and hold times, nor reduced data 
rates due to cycle times that are longer than access times. 


CS controls the power-down feature. In less than a cycle time after CS goes high—deselecting the 
M2147H—the part automatically reduces its power requirements and remains in this low power standby 
mode as long as CS remains high. This device feature results in system power Savings as great as 85% in 
larger systems, where the majority of devices are deselected. 


The M2147H is placed in an 18-pin package configured with the industry standard pinout. It is directly TTL 
compatible in all respects: inputs, output, and a single + 5V supply. The data is read out nondestructively 
and has the same polarity as the input data. A data input and a separate three-state output are used. 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 


MEMORY ARRAY 
64 ROWS 


64 COLUMNS 


M2147H 


COLUMN I/O CIRCUITS 

PIN NAMES [| COLUMN Vo cIRCUITS 
COLUMN SELECT 

| Ao—A11 ADDRESS INPUTS _| ; i i i 


Ag- 
WRITE ENABLE GND GROUND 


Ow DATAINPUT | SS 
Dour _OATAOUTPUT | SS 


TRUTH TABLE = 
[es[we[ MODE —s[ourpuT | POWER | 
H| xX NOT SELECTED | HIGH Z STANDBY 
L L WRITE HIGH Z ACTIVE 
L H READ Dout ACTIVE WE 


Intel Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in an Intel product. No other circuit patent licenses are implied. 
© Intel Corporation, 1980 April, 1980 


intel M2147H PRELIMINARY 


ABSOLUTE MAXIMUM RATINGS* *COMMENT: Stresses above those listed under “‘Abso- 
lute Maximum Ratings” may cause permanent damage 
Temperature Under Bias .......... — 65°C to + 135°C to the device. This is a stress rating only and functional 
Storage Temperature............. — 65°C to + 150°C operation of the device at these or any other conditions 
Voltage on Any Pin | above those indicated in the operational sections of this 
With Respect toGround............ -—3.5Vto +7V specification is not implied. Exposure to absolute maxi- 
Power Dissipation ...............0000 cece 1.2W mum rating conditions for extended periods may affect 
D.C. Output Curent v« co< cout ve een does dae s 20mA device reliability. 


D.C. AND OPERATING CHARACTERISTICS") 
(Ta= —55°C to + 125°C, Voc = +5V + 10%, unless otherwise noted.) 


come 3, M2147H 
Parameter 


Tae unt Test Conditions 


/ I, | Input Load Current (All Input Pins) (ee ee Voc = Max., Vin= GND to Voc 


lILo| | Output Leakage Current 0.1 50 uA | CS = Vin, Voc = Max., 
Vout = GND to 4.5V 


| Isg | Standby Current |Standby Current oe oe ew Vcc = Min. to Max., CS=Vin 


cS = = Lower of Vcc or Viy Min. 

Yu neat High Voltage =) | V 

Vou [Output Low vortage «| ——«d|S~*d io | 

Vou [Output High Votage aa || lou 40m 
[los [Output Short Circuit Current |-200| | +200 | mA_| Vour= GND to Voc, Ta= - 55°C 


NOTES: 

1. The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear feet per minute. 

2. Typical limits are at Voc = 5V, Ta= + 25°C, and Load A. 

3. A pull-up resistor to Vcc on the CS input is required to keep the device deselected; otherwise, power-on current approaches Icc 
active. 


A.C. TEST CONDITIONS ue 

_ Input Pulse Levels GND to 3.0V Dour oe 
Input Rise and Fall Times 5ns (INCLUDING 
Input Timing Reference Levels 1.5V on iadaaad 
Output Timing Reference Levels 0.8-2.0V 
Output Load See Load A 
CAPACITANCE"! (1, = 25°C, f=1.0 ane ae 
se in 

5 pF 


NOTE: 
4. This parameter is sampled and not 100% tested. 


intel M2147H PRELIMINARY 


A.C. CHARACTERISTICS (1,= -55°C to + 125°C, Voc = +5V + 10%, unless otherwise noted.) 
Read Cycle 


M2147H-3 M2147H 
[Tara Min. i Min. Max. Test Conditions 


ie Read | ReadCycleTime | Time 


ee 
Fae Te 8 2 
Ttacs; | Ghip Select Access Time —~SC*stSC“‘“‘CSSO'™*CO~*TO™~*; ne [Note 
Ttucse | Chip Select Access Time «|S |S | ns | Note 
Mou | Output Hold from Address Change [8 | 8 ns | 
T.277_| chip Selection to Output intowZ | 10 | 10 ~+| ns | Noted 
Ttnz®_| Chip Deselection to Output in HighZ | 090 | 040 | ns | Notea 
“iy | Ghip Selection to PowerupTime | 0 -| 0. [ns |S 
tsp | Chip Deselection toPowerDownTime | 20 | ~-~0 ~| ns |S 


WAVEFORMS 


Read Cycle No. 1/451 


trac - 


DATA OUT PREVIOUS DATA VALID DATA VALID 


Read Cycle No. 2/46 


tz 


HIGH IMP 
DATA OUT hada tah DATA VALID 
IMPEDANCE 


Vec 
SUPPLY 
CURRENT Isp 


NOTES: 

. All Read Cycle timings are referenced from the last valid address to the first transitioning address. 

. At any given temperature and voltage condition, tz max. is less than t_z min. both for a given device and from device to device. 

. Transition is measured + 500 mV from steady state voltage with Load B. 

WE is high for Read Cycles. 

.. Device is continuously selected, CS=V,,. 

Addresses valid prior to or coincident with CS transition low. 

. This parameter is sampled and not 100% tested. 

. Chip deselected for greater than 55 ns prior to selection. 

. Chip deselected for a finite time that is less than 55 ns prior to selection. (If the deselect time is 0 ns, the chip is by definition 
selected and access occurs according to Read Cycle No. 1) 


oun easEe 
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intel M2147H PRELIMINARY 


A.C. CHARACTERISTICS (Continued) 
Write Cycle 


M2147H-3 M2147H 
Parameter Min. Max. | Min. Max. Test Conditions 
Write Cycle Time } 65 
Address Valid to End of Write | 45 000i] OK 
Address Setup Time | oO) | 
Write Pulse Width 


ie | 

aa 

“ae 35 
Twn | Write RecoveryTime SS SSC*d 
tow | Data Valid to End of Write = 

Mow | DataHoldTime—SSSdCSCS~*~dtCS 
Tiwz | Write Enabled to OuiputinHighZ | 028 

a To 


Output Active from End of Write 


WAVEFORMS ee 
Write Cycle No. 1 RR a 


(WE CONTROLLED)! 


DATA IN a DATA IN VALID | 
tw2 ——+ tow 


HIGH IMPEDANCE 


DATA OUT DATA UNDEFINED 


Write Cycle No. 2 ie 
(ES CONTROLLED) §=—sooness KO 


taw an 
twe 


—— 
eANAAN AAA AAS rie 7 77777 


DATA IN 


t | DATA IN VALID- 


- wz —4 


| HIGH IMPEDANCE 
DATA OUT DATA UNDEFINED 
NOTES: 


1. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 

2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 
3. Transition is measured + 500 mV from steady state voltage with Load B. 

4. CS or WE must be high during address transitions. 


: : PRELIMINARY 
intel M2148H 


HIGH SPEED 1024 x 4 BIT STATIC RAM 
MILITARY 


aiaer 
“het 400 
= 


Max. Active Current (mA) 
Max. Standby Current (mA) 


» HMOS II Technology a» High Density 18-Pin Package 


» Completely Static Memory—No Clock =» Industry Standard M2114A Pinout 
or Timing Strobe Required 


a Common Data Input and Output 
a» Three-State Output 


= Single +5V Supply = Full Military Temperature Range 
2 Automatic Power-Down — 55°C to +125°C 


a Equal Access and Cycle Times 


The Intel® M2148H is a 4096-bit static Random Access Memory organized as 1024 words by 4 bits using 
HMOS IL, a high-performance MOS technology. It uses a uniquely innovative design approach which pro- 
vides the ease-of-use features associated with non-clocked static memories and the reduced standby 
power dissipation associated with clocked static memories. To the user this means low standby power 
dissipation without the need for clocks, address setup and hold times, nor reduced data rates due to cycle 
times that are longer than access times. 


CS controls the power-down feature. In less thana cycle time after CS goes high—disabling the M2148H 
—the part automatically reduces its power requirements and remains in this low power standby mode as 
long as CS remains high. This device feature results in system power savings as great as 85% in larger 
systems, where the majority of devices are disabled. 


The M2148H is placed in an 18-pin package configured with the industry standard 1K x 4 pinout. It is 
directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. The data is read out 
nondestructively and has the same polarity as the input data. 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 
Aa Le | at. Vec 
AS | _O_ GNO 
rs > aa — MEMORY ARRAY 
Pe 64 ROWS 
A7 > ame 64 COLUMNS 
ae Pa 
>a © =PIN NUMBERS 


ee 
COLUMN I/O CIRCUITS 
ap 


M2148H 
PIN NAMES 


ADDRESS INPUTS VO3 
WRITE ENABLE 


cs CHIP SELECT Moa Th 
VO,-VO, DATA INPUTIOUTPUT LL 
Vec POWER (+5V) 

GND GROUND 


TRUTH TABLE as: loon 


jes|WE| wove | vo | Power | — 
H | X | NOTSELECTED| HIGH-z | STANDBY 
Lit WRITE Din | ACTIVE 
L iH READ Dour | ACTIVE 


Intel Corporation assumes no responsibility for the use of any Circuitry other than circuitry embodied in an Intel Product. No other circuit patent licenses are implied. 
© Intel Corporation, 1980 1-14 April, 1980 


COLUMN SELECT 


INPUT 
DATA 
CONTROL 


Oo ® © O OOP PP LP 


intel 


M2148H 


PRELIMINARY 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias — 65°C to + 135°C 


Storage Temperature............. — 65°C to + 150°C 
Voltage on Any Pin 

With Respect toGround............ —3.5Vto +7V 
Power Dissipation ................ 0.0.00 ce aee 1.2W 
D.C; Output CUE «oc os oss k eee eo ee Canady aewd 20mA 


D.C. AND OPERATING CHARACTERISTICS"! 


(Ta= —55°C to + 125°C, Voc = +5V + 10%, unless otherwise noted.) 


Min. Typ.!2! 


NOTES: 


0.01 


“COMMENT: Stresses above those listed under ‘“‘Abso- 
lute Maximum Ratings” may cause permanent damage 
to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions 
above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maxi- 
mum rating conditions for extended periods may affect 
device reliability. 


Max. 


Cs= Vu, Vcc = Max., 
out= GND to 4.5V 


Ta= — 55°C | Voc = Max., CS= Vi, 
Outputs Open 


c=GND to Vcc Min. 
S = Lower of Vcc or Viy Min. 


OH= — 4.0 mA 
out = GND to Vcc 


1. The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear feet per minute. 


2. Typical limits are at Voc = 5V, Ta= + 25°C, and Load A. 
2: 

active. 
4. Duration not to exceed one second. 
A.C. TEST CONDITIONS 
Input Pulse Levels GND to 3.0V 
Input Rise and Fall Times ons 
Input and Output Timing Reference 

Levels 1.5V 
Output Load See Load A 
CAPACITANCE"! (1, = 25°C, f= 1.0 MHz) 


Symbol] Parameter [Max [Unit Conditions 


NOTE: 


Capacitance 
4. This parameter is sampled and not 100% tested. 


A pull-up resistor to Vcc on the CS input is required to keep the device deselected; otherwise, power-on current approaches lIcc 


4800 


Dout 30 pF 
(INCLUDING 
SCOPE AND 
JIG) 


255 


+5V 


4800 
Dout 


255 5pF 


intel M2148H PRELIMINARY 


A.C. CHARACTERISTICS (T,= —55°C to + 125°C, Voc = +5V + 10% unless otherwise noted.) 
Read Cycle 


WAVEFORMS 
Read Cycle No. 1!%-4 


DATA OUT PREVIOUS DATA VALID DATA VALID 


Read Cycle No. 2!:5] 


tre 


cs 
tuz 
\/ HIGH 
DATA OUT DATA VALID 
Aw A IMPEDANCE 
teu tpo 


NOTES: 

1. Chip deselected for greater than 55 ns prior to CS transition low. 

2. Chip deselected for a finite time that is less than 55 ns prior to CS transition low. (If the deselect time is 0 ns, the chip is by defini- 
tion selected and access occurs according to Read Cycle No. 1.) 

. WE is high for Read Cycles. 

. Device is continuously selected, CS=V,,. 

. Address valid prior to or coincident with CS transition low. 

. Transition is measured + 500 mV from high impedance voltage with Load B. This parameter is sampled and not 100% tested. 


[o> ©) ap a oe) 
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intel M2148H PRELIMINARY 


A.C. CHARACTERISTICS (Continued) 
Write Cycle 


Parameter 


Write Cycle Time 

Chip Selection to End of Write 
Address Valid to End of Write 
Address Setup Time 

Write Pulse Width 

Write Recovery Time 

Data Valid to End of Write 

Data Hold Time 

Write Enabled to Output in High Z 
Output Active from End of Write 


WAVEFORMS 
Write Cycle No. 1 
(WE CONTROLLED) 


> lO” 
= 


on TTT. 
= iN. “ toH 
DATA $s 


DATA OUT DATA UNDEFINED alk Bld 


Write Cycle No. 2 
(CS CONTROLLED) 


ADDRESS ee ee 

2 

WE A - WLLLLLLLLL LLL LL LLL: 
DATA IN Po = IN vir 


twz 
HIGH IMPEDANC 
DATA OUT DATA UNDEFINED Soe : 


NOTES: 
1. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 
2. Transition is measured +500 mV from high impedance voltage with Load B. This parameter is sampled and not 100% tested. 
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intel 


M2716/M2716M 
16K (2K x 8) UV ERASABLE PROM 
MILITARY 
= Military Temperature Range = Fast Access Time; 450 ns maximum 


M2716M: —55°C to 125°C 
M2716: —55°C to 100°C 


ea 5V +10% Vi. 


# Pin Compatible to Intel’s M2732 32K 
EPROM 


= Static Standby Mode 


= Low Power Dissipation of 165 mW 
maximum standby power 


Inputs and Outputs TTL Compatible 
during Read and Program 


The Intel® M2716M and M2716 are 16 384-bit ultraviolet erasable and electrically programmable read only 
memories (EPROMsS) specified over the military and extended temperature range respectively. They operate 
from a single +5V power supply, have a static power-down mode, and feature fast, single-address location 
programming. It makes designing with EPROMs faster, easier and more economical. Both products are 
manufactured from the same dice. Except for the operating temperature range, both products have the same 
electrical and programming specifications. 


The M2716/M2716M has a static standby mode which reduces the power dissipation without increasing 
access time. The active power dissipation is reduced by over 60% in the standby power mode. Both are pin 
compatible to Intel’s 32K military EPROM, the M2732. 


The M2716/M2716M has the simplest and fastest method devised yet for programming EPROMs—single pulse 
TTL level programming. No need for high voltage pulsing because all programming controls are handled by 
TTL signals. Program any location at any time—either individually, sequentially or at. random, with the 
M2716’s single-address location programming. Total programming time for all 16,384 bits is only 100 seconds. 


PIN CONFIGURATIONS MODE SELECTION 


Vpp Vcc OUTPUTS 
(21) (24) | (9-11, 13-17) 


ee ee | oe 


M2716 M2732 


BLOCK DIAGRAM 


DATA OUTPUTS 
SUT 


OUTPUT ENABLE 
CHIP ENABLE AND }—~! 


PROG LOGIC 
mae 
H 


OUTPUT BUFFERS 
Y-GATING 


16,384 BIT 
CELL MATRIX 


Y 
DECODER 
Ao—-A10 
ADDRESS 
INPUTS 
x 
DECODER 


M2716/M2716M 


PROGRAMMING 

The programming specifications are described in the Data Catalog PROM/ROM Programming Instructions Section 

Absolute Maximum Ratings" ‘Notice: 

Temperature Under Bias ................ —65°C to + 135°C Stresses above those listed under ‘“‘Absolute Maximum Ratings” 
Storage Temperature .................5. 65°C to + 150°C may cause permanent damage to the device. This is a stress 


rating only and functional operation of the device at these or any 


All Input or Output Voltages with other conditions above those indicated in the operational sec- 


Respect to Ground Beare eae iar + 6V to — 0.3V tions of this specification is not implied. Exposure to absolute 
Vpp Supply Voltage with Respect maximum rating conditions for extended periods may affect de- 
to Ground During Program .0%45 ives eee + 26.5V to —0.3V vice reliability. 


D.C. AND A.C. READ OPERATING CONDITIONS 


M2716M 55°C to + 125°C BV + 10% 
M2716 55°C to + 100°C BV + 10% 


D.C. Characteristics 


Limits 
Parameter 


| Min. | 
| input Load Current | 
| Output Leakage Current | | 
Vpp Current Le 
Voc Current (Standby) I 
| Voc Current (actives | | 7 | 15 | mA | COESCE=V 
|_Input High Voltage | 2.0 


Output Low Voltage 


Output High Voltage 


NOTES: 1. Vcc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 
2. Vpp may be connected directly to Voc except during programming. The supply current would then be the sum of |¢c¢ and Ipp,. 
3. Typical values are for T, = 25°C and nominal supply voltages. 


4. This parameter is only sampled and is not 100% tested. 


Typical Characteristics 


Icc CURRENT ACCESS TIME ACCESS TIME 


vs. vs. vs. 
TEMPERATURE CAPACITANCE TEMPERATURE 


Tacc (ns) 


Icc2 ACTIVE CURRENT 
CE=Vi_ 
Veco =5V 


loc (mA) 


ANDBY CURRENT 
=Vin 


-60 -40 -20 0 20 40 60 80 100 120 140 0 100 200 300 400 500 600 700 800 -60-40 -20 0 20 40 60 80 100 120 140 
TEMPERATURE (°C} Ci (pF) TEMPERATURE (°C) 


M2716/M2716M 


A.C. Characteristics 


Test 
Parameter Conditions 


Address to Output Delay 


CE to Output Delay 


Output Enable to Output Delay 
Output Enable High to Output Float 


Output Hold From Addresses, CE or 
OE Whichever Occurred First 
Capacitancel4) T, = 25°C, f= 1 MHz A.C. Test Conditions: 


Symbol | _Parameter___| Typ. | 
Input Capacitance rea 
OUT Output Capacitance | 8B 


Output Load: 1 TTL gate and C, = 100 pF 
Input Rise and Fall Times: <20 ns 

Input Pulse Levels: 0.8V to 2.2V 

Timing Measurement Reference Level: 


Inputs 1V and 2V 
Outputs 0.8V and 2V 


?) 


A.C. Waveforms!!! 


e e e 
ADDRESSES 4 sae al 

e e e 
CE 

(re ee oe 

tcE 
(450 MAX.) 

OE 


eee @e@eeeees ee 
toF 


tOE 

a (150 MAX.) oe 
[6] 

tacc 


toH 
450 MAX. 
: [6] (O) 


OUTPUT HIGH Z KK a a 
AAAS 


NOTES: 1. Vcc must be applied simultaneously or before Vpp and removed simultane- 
ously or after Vpp. 


2. Vpp may be connected directly to Vcc except during programming. The 
supply current would then be the sum of Icc and Ipp}. 


3. Typical values are for Ta = 25°C and nominal supply voltages. 

4. This parameter is only sampled and is not 100% tested. 

5. All times shown in parentheses are minimum and are nsec unless other- 
wise specified. 

6. OE may be delayed up to tacc — tog after the falling edge of CE without 
impact on tacc. 

7. tp is specified from OE or CE, whichever occurs first. 
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M2716/M2716M 


DEVICE OPERATION 


The five modes of operation of the M2716 are listed in 
Table 1. It should be noted that all inputs for the five 
modes are at TTL levels. The power supplies required 
are a +5V Vcc and a Vpp. The Vpp power supply must be 
at 25V during the three programming modes, and must 
be at 5V in the other two modes. 


PINS Vep | Vcc | OUTPUTS 
(21) | (24) | (9-11, 13-17) 


acs 
Pree asin ef wf fm 

a 
ee 


MODE SELECTION 


CE /PGM 
(18) 


Program 


Program Verify 
Program Inbibit 


READ MODE 


The M2716 has two control functions, both of which 
must be logically satisfied in order to obtain dat at the 
outputs. Chip Enable (CE) is the power control and 
should be used for device selection. Output Enable (OE) 
is the output control and should be used to gate data to 
the output pins, independent of device selection. 
Assuming that addresses are stable, address access 
time (tacc) is equal to the delay from CE to output (te). 
Data is available at the outputs 150 ns (tog) after the fall- 
ing edge of OE, assuming that CE has been low and 
addresses have been stable for at least tacc-toe. 


STANDBY MODE 


The M2716 has a standby mode which reduces the ac- 
tive power dissipation by 75%, from 633 mW to 165 mW. 
The M2716 is placed in the standby mode by applying a 
TTL high special to the CE input. When in standby 
mode, the outputs are in a high impedance state, inde- 
pendent of the OE input. 


OUTPUT OR-TIEING 


Because M2716’s are usually used in larger memory 
arrays, Intel has provided a 2 line control function that 
accommodates this use of multiple memory connec- 
tions. The two line control function allows for 


a) the lowest possible memory power dissipation, and, 
b) complete assurance that output bus contention will 
not occur. 


To most efficiently use these two control lines, it is rec- 
ommended that CE (pin 18) be decoded and used as the 
primary device selecting function, while OE (pin 20) be 
made a common connection to all devices in the array 
and connected to the READ line from the system control 
bus. This assures that all deselected memory devices 
are in their low power standby mode and that the output 
pins are only active when data is desired from a par- 
ticular memory device. 
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PROGRAMMING 


Initially, and after each erasure, all bits of the M2716 are 
in the “1” state. Data is introduced by selectively pro- 
gramming “0’s” into the desired bit locations. Although 
only “0’s” wil be programmed, both “1’s” and “‘0’s” can 
be presented in the data word. The only way to change a 
“0” to a “1” is by ultraviolet light erasure. 


The M2716 is in the programming mode when the Vpp 
power supply is at 25V and OE is at V),. The data to be 
programmed is applied 8 bits in parallel to the data out- 
put pins. The levels required for the address and data 
inputs are TTL. . 


When the address and data are stable, a 50 msec, active 
high, TTL program pulse is applied to the CE input. A 
program pulse must be applied at each address location 
to be programmed. You can progam any location at any 
time — either individually, sequentially, or at random. 
The program pulse has a maximum width of 55 msec. 
The M2716 must not be programmed with a DC signal 
applied to the CE input. 


Programming of multiple M2716’s in parallel with the 
same data can be easily accomplished due to the sim- 
plicity of the programming requirements. Like inputs of 
the paralleled M2716’s may be connected together when 
they are programmed with the same data. A high level 
TTL pulse applied to the CE input programs the paral- 
leled M2716’s. 


PROGRAM INHIBIT 


Programming of multiple M2716’s in parallel with dif- 
ferent data is also easily accomplished. Except for CE, 
all like units (including OE) of the parallel M2716’s may 
be common. A TTL level program pulse applied to a 
M2716’s CE input with Vpp at 25V will program that 
M2716. A low level CE input inhibits the other M2716 
from being programmed. 


PROGRAM VERIFY 


A verify should be performed on the programmed bits to 
determine that they were correctly programmed. The 
verify may be performed with Vpp at 25V. Except during 
programming and program verify, Vpp must be at SV. 


DEVICE RELIABILITY 


The M2716 is built on a proven 2 layer polysilicon NMOS 
technology. Extensive testing and monitoring has al- 
lowed us to achieve failure rates equal to other memory 
devices. For detailed failure rate predictions and reli- 
ability data, request Intel 2716 Reliability Report 19. 
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M2732 
32K (4K x 8) UV ERASABLE PROM 
MILITARY 
a Military Temperature Range: e 5V+10% Ver 
M2732: —55°C to + 100°C = Low Power Dissipation: 
M2732/S8416: —55°C to + 125°C 150 mA Max. Active Current 
= Industry Standard Pinout... JEDEC 45 mA Max. Standby Current 
Committee Approved = Pin Compatible to Intel® M2716 EPROM 
= Fast Access Time: 450 ns Maximum = Three-State Output for Direct Bus 
(M2732) Interface 


The Intel M2732 is a 32,768-bit ultraviolet erasable and electrically programmable read-only memory 
(EPROM). The M2732 operates from a single 5-volt power supply, has a standby mode, and features an output 
enable control. The pinout is an industry standard and is compatible to the JEDEC committee approved pin- 
outs for 16K to 64K bit EPROMs. This standardization, and with a 28-pin site design, allows easy upgrade to 
higher densities without changing board designs. 


An important feature is the separate output control, Output Enable (OE), from the Chip Enable control (CE). 
The OE control eliminates bus contention in multiple bus microprocessor systems. Intel’s Application Note 
AP-72 describes the microprocessor system implementation of the OE and CE controls on Intel’s EPROMs. 
AP-72 is available from Intel’s Literature Department. 


The M2732 has a standby mode which reduces the power dissipation without increasing access time. The 
maximum active current is 150 mA, while the maximum standby current is only 45 mA, a 70% savings. The 
standby mode is achieved by applying a TTL-high signal to the CE input. 


The M2732/S8416 has the same electrical specifications as the M2732 but operation is over the military tem- 
perature range (—55°C to 125°C) at a 550 ns access time. It is ideal for applications which require a wider 
temperature range than the M2732 and high performance is not a requirement. 


PIN CONFIGURATION MODE SELECTION 


CE | OE/Vpp Vec | OUTPUTS 
(18) (20) (24) (9-11,13-17) 
5 ae SS 


Standby Vi 


ay pete Ce 


BLOCK DIAGRAM 


DATA OUTPUTS 
Vcc o> 00-07 


GNO o———> “ te 
Y 
DECODER 
CHIP ENABLE 
OUTPUT ENABLE x 
OUTPUTS DECODER 


INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED. 
©INTEL CORPORATION, 1980 4-09 OCTOBER 1980 


PIN NAMES ame 


ADDRESSES Ag-A11 | — Y-GATING 
ADDRESS 

INPUTS 
32,768-BiT 


CELL MATRIX 


intel M2732 PRELIMINARY 


The programming specifications are described in the Data Catalog PROM/ROM Programming Instructions Section. 
ABSOLUTE MAXIMUM RATINGS* “COMMENT 
‘ Stresses above those listed under “Absolute Maximum Ratings” may cause 
Temperature Under Bias .......... — 65°C to + 135°C permanent damage to the device. This is a stress rating only and functional 
r Temperature ............. _ $ ° operation of the device at these or any other conditions above those 
ste Sai emperatite ; 65°C to + 150°C indicated in the operational sections of this specification is not implied. 
ou Input oF Output Voltages with Exposure to absolute maximum rating conditions for extended periods 
Respect to Ground ................... +6V to -0.3V may affect device reliability. 


D.C. AND A.C. READ OPERATING CONDITIONS 


Temperature Range | wes 
M2732 


—55°C to +100°C 5V +10% 
M2732 $8416 —55°C to +125°C 5V +10% 
READ OPERATION 


ae Parameter 


Conditions 


3 
< 
ne] 


Hui Input Load Current (except OE/Vpp) 
OE/Vpp Input Load Current | 


ILO Output Leakage Current 


Vcc Current (Standby: 
Vcc Current (Active) 


Input Low Voltage 
Input High Voltage 
Output Low Voltage 


Output High Voltage 


Note: 1. Typical values are for Ta = 25°C and nominal supply voltages. 


TYPICAL CHARACTERISTICS 


pitaalad hs CE CE TO OUTPUT DELAY (t 
We CEMPEHE TORE E TO OUTPUT DELAY (tr) (tee) 


VS. CAPACITANCE VS. TEMPERATURE 


tee (ns) 
tce (ns) 


CE = Vin 


P| icct (STANDBY CURRENT) 


J 0 , = 
"60-40 —20 0’ 20 40 60 80 100 120 0 100 200 300 400 500 600 700 g00 oe cae —20 0 -20 40 60 80 100 120 


TEMPERATURE ( C) C, (pF) TEMPERATURE ( C) 
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intel M2732 PRELIMINARY 


A.C. CHARACTERISTICS 


| Limits 
[symtcl, parameter in|) Ut Tot contin 
M2732 —— |% CE = OB =v 
tacc Address to Output Delay 


a 1 


SS eee ea 
toe Aderessto Ouputroia ———SS«dC | dCs | OE 


CAPACITANCE [1] 1, =25°C, f= 1MHz A.C. TEST CONDITIONS 
ce Mme ee tem 
ene Input Capacitance 
Except OE/Vpp pF | Vin = OV 
Cin2 OE/Vpp Input 
Capacitance pF |Vin = OV 


[Cour [Output Capacitance | | 12 | oF [vour=ov 


Output Load: 1 TTL gate and CL = 100pF 
Input Rise and Fall Times: < 20ns 
Input Pulse Levels: 0.8V to 2.2V 
Timing Measurement Reference Level: 
Inputs 1V and 2V 
Outputs 0.8V and 2V 


A.C. WAVEFORMS 
ADDRESSES 
ADDRESSES ‘ Caan 
CE 
tce 
OE 
toe _ tor 
~ [2] [3] 


tacc _ 
[2] 


sn ‘as TTT) “en sot 
NNNNNVS//7 


‘OH 


NOTES: 
1. THIS PARAMETER IS ONLY SAMPLED AND IS NOT 100% TESTED. 
2. OE MAY BE DELAYED UP TO tyacc— toe AFTER THE FALLING EDGE OF GE WITHOUT IMPACT ON fiom 
3. to; IS SPECIFIED FROM OE or CE, WHICHEVER OCCURS FIRST. 
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M3636 


16K (2K x 8) BIPOLAR PROM 


M —55°C to +125°C Operation 

m Fast Access Time: 80ns Maximum 

@ Low Power Dissipation: 0.05mW/Bit 
Typically 

@ Three Chip Select Inputs for Easy 


& Pin Compatible to 8K PROMs 
wg Three-State Outputs 


@ Hermetic 24-Pin DIP 


@ Polycrystalline Silicon Fuses for 
Higher Fuse Reliability/Higher 


Memory Expansion Programmability 


The Intel® M3636 is a fully decoded 16,384 bit PROM organized as 2048 words by 8 bits. The worst case access time of 
80 ns is specified over ae — 55°C to + 125°C temperature range and 5% Vcc power supply tolerances. There are three 
chip selects provided to facilitate expansion into larger PROM arrays. The PROMs use the Schottky clamped TTL tech- 
nology with polycrystalline silicon fuses. All outputs are initially high and logic low levels can be electrically pro- 
grammed in selected bit locations. 


Prior to the 16,384 bit M3636, the highest density bipolar PROM available was 8196 bits. The high density of the M3636 
now easily doubles the capacity without an increase in area on existing designs currently using 1024 by 8-bit PROMs. 
There is also little, if any, penalty in power since the power/bit is approximately one-half that of 8K PROMs. The M3636 
is packaged in a hermetic 24-pin dual in-line package. 


PIN CONFIGURATION BLOCK DIAGRAM LOGIC SYMBOL 


DATAOUT1 DATA OUT 8 


EE: 


OUTPUT 
CSp —>| BUFFERS 


16,384 
PROM MATRIX 


INPUT DRIVERS 


2 
3 
4 
5 
6 
7 
8 
9 


cs, 
Ay 
Ay 
Ag 
Ay 
A, 
As 
As 
A, 


—_> —_ 
= Oo 


ab 
N 
— 


PIN NAMES 


CHIP SELECT INPUTS!!! 


[1] To select the PROM CS, = Vi, 
and CS2 = CS3 = VIH 


tsi, CS2, CS3 


er ee pe SS KS 

INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE. IMPLIED. 

© INTEL CORPORATION, 1979 NOVEMBER 1979 
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PROGRAMMING 


The programming specifications are described in the PROM/ROM Programming section of the Data Catalog. 


Absolute Maximum Ratings* 


Temperature Under Bias ......... =65°C to +7125°C *COMMENT: Stresses above those listed under “Absolute Maximum 
Storage Temperature ............ —65°Cto +160°C eatngs eye seats sate cr — This is a kok 
rating only and functional’operation of the device at these or any other 
Output a Supply Voltages eee —0.5V to 7 Volts conditions above those indicated in the operational sections of this 
All Input Voltages ..............-...- — 1.5V to 5.5V specification is not implied. Exposure to absolute maximum rating 
OUTDUY GurreniS 4. 22¢246ee4540 coe du dense 100mA conditions for extended periods may affect device reliability. 


D.C. CHARACTERISTICS 
All Limits Apply for Voc = + 5.0V + 5%, Ta = — 55°C to 125°C unless otherwise specified 


Test Conditions 


Voc = 5.25V, Va = 0.45V 


Voc = 5.25V, Vg = 0.45V 
Voc = 5.25V, Va = 5.25V 


uA | Vo=5.25V or 0.45V, 
Voc = 5.25V, CS; = 2.4V 


Vo=0V 


| =09 | -18 | V_ | VocH478V, a= - 10.mA 


Voc = 4.75V, Is = —10 MA 


Symbol Parameter 
lea Address Input Load Current 


~ 
—< 
ao) 
Sic 
3 
~ 
| 


.— 
5 


les Chip Select Input Load Current 
IRA Address Input Leakage Current 


Chip Select Input Leakage 
Current 


i 
7) 


lol Output Leakage for High 
Impedance State 


Iscl"! Output Short Circuit Current 


| 
A 
oO 
B 
> 


Address Input Clamp Voltage 


Vos Chip Select Input Clamp 
Voltage 


< 
@) 
> 


< 
O 
- 
fo) 
(ev) 
< 


I 
_— 
oy) 
/< 


Vou Output High Voltage 24 | 32v | | V_ | lon=—2.4 mA, Voc =4.75V 
Output Low Voltage ; Voc = 4.75V, lot = 10 MA 

loc Power Supply Current Voc = 9.25V 

Vit Input “Low” Voltage 


Notes: 
1. Typical values are for Ta = 25°C and nominal supply voltages. 
2. Unmeasured outputs are open during this test. 
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A.C. CHARACTERISTICS \v,c= +5V+10%, Ty = —55°C to 125°C 


[—Adaress to Output Oeiay | ao——«d| one 
[output enabieTime | sine 
[OviputDisabieTime | 60 «its 


SYMBOL 


CONDITIONS 
CS;=Vit 
and CS> = CS3 = Vin 
to select the PROM. 


tois 


CAPACITANCE" T, = 25°C, f= 1 MHz 


TYP. LIMITS 
SYMBOL PARAMETER UNIT TEST CONDITIONS 


Cina Address Input Capacitance p 4 fio | opr Veco = SV Vin = 2.5V 
Cins Chip-Select Input Capacitance | 6 | 10 | pF Vec = 5V Vin = 2.5V 
Cout Output Capacitance Vcc = 5V Vout = 2.5V 


NOTE 1: This parameter is only periodically sampled and is not 100% tested. 


SWITCHING CHARACTERISTICS 


Conditions of Test: 10 mA TEST LOAD Vcc 

Input pulse amplitudes - 2.5V 

Input pulse rise and fall times of 4702 
5 nanoseconds between 1 volt and 2 volts 

Speed measurements are made. at 1.5 volt levels 30pF 1K Q 


Output loading is 10 mA and 30 pF 
Frequency of test — 2.5 MHz 


WAVEFORMS 


ADDRESS TO OUTPUT DELAY CHIP SELECT TO OUTPUT DELAY 


ADDRESS 
INPUT 


OUTPUT OUTPUT 


OUTPUT 
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intel 
M8048/M8748/M8035L 
SINGLE COMPONENT 8-BIT MICROCOMPUTER 


MILITARY 
* 8048 Mask Programmable ROM 
* 8748 User Programmable/Erasable EPROM 
* 8035L Requires External ROM or EPROM 


m -55°C to + 125°C, 6 MHz Operation = Over 90 Instructions: 70% Single Byte 


(M8048/M8035L) 
@ 1K x 8 ROM/EPROM 
m@ -55°C to + 100°C, 3.6 MHz Operation 64x 8 RAM 
(M8748) 27 1/0 Lines 
= 8-Bit CPU, ROM, RAM, I/O in 
Single Package @ Interval Timer/Event Counter 
= Interchangeable ROM and EPROM = Easily Expandable Memory and 1/O 
Versions 
= Single 5V Supply g Compatible with 8080/8085 Series 
Peripherals 
m 2.5 usec and 5.0 psec Cycle Versions 
All Instructions 1, or 2 Cycles. @ Single Level Interrupt 


The Intel M8048/M8748/M8035L are totally self-sufficient 8-bit parallel computers fabricated on single silicon chips using 
Intel’s N-Channel silicon gate MOS process. 


The M8048 contains an 8-bit CPU, a 1K x 8 program memory, a 64 x 8 RAM data memory, 27 I/O lines, and an 8-bit timer/ 
counter in addition to on-board oscillator and clock circuits. Fro systems that require extra capability, the M8048 can be 
expanded using standard memories and MCS-80™/MCS-85™ peripherals. The M8035L is the equivalent of an M8048 
without program memory, and has the RAM power down mode of the M8048. To reduce development problems to a min- 
imum and provide maximum flexibility, three interchangeable pin-compatible* versions of this single component micro- 
computer exist: the M8748 with user-programmable and erasable EPROM program memory for prototype and prepro- 
duction systems, the M8048 with factory-programmed mask ROM program memory for low cost, high volume production, 
and the M8035L without program memory for use with external program memories. 


This microprocessor is designed to be an efficient controller as well as an arithmetic processor. The M8048 has extensive 
bit handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program memory results 
from an instruction set consisting mostly of single byte instructions and no instructions over 2 bytes in length. 


*Vpp is used to program the M8748 and used for low power standby on the M8048/8035L. 
PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 


PORT 
=1 
CLOCK 


64 WORDS 
DATA 
MEMORY 


1024 WORDS 
PROGRAM 
MEMORY 


STEP READ 


sseNC] 9 M8048 
PSEN(] 9 32) P15 exTeGnar 


ref 


INTERRUPT —o 


WRITE 


PROGRAM 
STORE 
ENABLE 


AODRESS 
LATCH 
ENABLE 


8-BIT 
TIMER/ 
EVENT COUNTER 


EXPANDER 


27 
(/O LINES 
STROBE 


INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED. 
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M8048/M8748/M8035L 


PIN DESCRIPTION 


Designation 


Vss 
Vpp 


Vcc 


PROG 


P10-P17 
Port 1 
P20-P27 
Port 2 


DBo-DB7 
BUS 


TO 


71 


Pin # 
20 
26 


40 


25 


27-34 


21-24 
35-38 


12-19 


39 


Function 
Circuit GND potential 


Programming power supply; +25V 
during program, +5V during oper- 
ation for both ROM and PROM. 
Low power standby pin in 8048 
and 8035L. 


Main power supply; +5V during 
operation and programming. 


Program pulse (+23V) input pin 
during 8748 programming. 


Output strobe for 8243 I/O ex- 
pander. 


8-bit quasi-bidirectional port. 


8-bit quasi-bidirectional port. 
P20-P23 contain the four high 
order program counter bits during 
an external program memory fetch 
and serve as a 4-bit I/O expander 
bus for 8243. 


True bidirectional port which can 
be written or read synchronously 
using the RD, WR strobes. The 
port can also be statically latched. 


Contains the 8 low order program 
counter bits during an external 
program memory fetch, and re- 
ceives the addressed instruction 
under the control of PSEN. Also 
contains the address and data 
during an external RAM data store 
instruction, under control of ALE, 
RD, and WR. 


Input pin testable using the con- 
ditional transfer instructions JTO 
and JNTO. TO can be designated as 
a clock output using ENTO CLK 
instruction. TO is also used during 
programming. 

Input pin testable using the JT1, 
and JNT1 instructions. Can be 
designated the timer/counter in- 
put using the STRT CNT in- 
struction. 


Designation 


INT 


ALE 


EA 


XTAL1 


XTAL2 


Pin# 


6 


10 


MW 


Function 


Interrupt input. Initiates an inter- 
rupt if interrupt is enabled. Inter- 
rupt is disabled after a reset. Also 
testable with conditional jump 
instruction. (Active low) 


Output strobe activated during a 
BUS read. Can be used to enable 
data onto the bus from an external 
device. 


Used as a read strobe to external 
data memory. (Active low) 


Input which is used to initialize the 
processor. Also used during 
PROM programming verification, 
and power down. (Active low) 
(Non TTL Vip) 


Output strobe during a bus write. 
(Active low) 


Used as write strobe to external 
data memory. 


Address latch enable. This signal 
occurs once during each cycle and 
is useful as a clock output. 


The negative edge of ALE strobes 
address into external data and pro- 
gram memory. 


Program store enable. This output 
occurs only during a fetch to exter- 
nal program memory. (Active low) 


Single step input can be used in 
junction with ALE to “single step” 
the processor through each in- 
struction. (Active low) 


External access input which forces 
all program memory fetches to re- 
ference external memory. Useful 
for emulation and debug, and 
essential for testing and program 
verification. (Active high) 

One side of crystal input for inter- 
nal oscillator. Also input for exter- 
nal source. (Non TTL Vin) 


Other side of crystal input. 


M8048/M8748/M8035L 


INSTRUCTION SET 


Mnemonic 


ADD A, R 
ADD A, @R 
ADD A, #data 
ADDC A, R 
ADDC A, @R 


ADDC A, #data 


Description 


Add register to A 

Add data memory to A 
Add immediate to A 
Add register with carry 


- Add data memory with carry 


Add immediate with carry 


Bytes Cycle . 


1 1 

1 1 

2 2 

1 1 

1 1 

2 2 

ANL A, R And register to A 1 1 
ANL A, @R And data memory to A 1 1 

ANL A, #data And immediate to A 2 2 

_ ORLA,R Or register to A 1 1 
2 ORLA, @R Or data memory to A 1 1 
3S ORLA. #data Or immediate to A 2 2 
5 XRLA,R Exclusive or register to A 1 1 
g@ XRLA,@R Exclusive or data memory to A 1 1 
XRL A, #data Exclusive or immediate to A 2 2 
INCA Incrernent A 1 1 
DECA Decrement A 1 1 
CLRA Clear A | 1 
CPLA Camplement A 1 1 
DAA Decimal adjust A 1 1 
SWAP A Swap nibbles of A 1 1 
RLA Rotate A left 1 1 

RLC A Rotate A left through carry 1 1 
RRA Rotate A right 7 1 
RRC A Rotate A right through carry 1 1 

IN A, P Input port to A 1 2 
OUTLP,A Output A to port 1 2 

ANL P, #data And immediate to port 2 2 
ORL P, #data Or immediate to port 2 2 

3. «INS A, BUS Input BUS to A 1 2 
S  OUTLBUS,A Output A to BUS 1 2 
S ANL BUS, #data And immediate to BUS 2 2 
& ORL BUS, #data Or immediate to BUS 2 2 
™  MOVD A, P Input expander port to A 1 2 
MOVD P, A Output A to expander port 1 2 
ANLD P,A And A to expander port 1 2 
ORLD P,A Or A to expander port 1 2 

5 INC R Increment register 1 
= 'INC@R Increment data memory 1 
a ODECR Decrement register 1 
JMP addr Jump unconditional 2 2 
JMPP @A Jump indirect 1 2 
DJNZ R, addr Decrement register and skip 2 2 

JC addr Jump on carry = 1 2 2 

JNC addr Jump on carry = 0 2 2 

JZ addr Jump on A zero 2 2 

ce YNZ addr Jump on A not zero 2 2 
e JTO addr Jump on TO = 1 2 2 
mo NTO addr Jump on T0 = 0 2 2 
JT1 addr Jump on Ti = 1 2 2 
JNT1 addr Jump on T1=0 2 2 

JFO addr Jump on FO = 1 2 2 

JF1 addr Jump on F1 = 1 2 2 

JTF addr Jump on timer flag 2 2 

JNI addr Jump on INT =0 2 2 

JBb addr Jump on accumulator bit 2 2 


Mnemonic Description Bytes Cycles 
) 
= CALL addr Jump to subroutine 2 2 
Oo RET Return 1 2 
3 RETR Return and restore status 1 2 
CLR C Clear carry 1 1 
CPL C Complement carry 1 1 
a CLR FO Clear flag 0 1 1 
i CPL FO Complement flag 0 1 1 
CLR F1 Clear flag 1 1 1 
CPL F1 Complement flag 1 1 1 
MOV A, R Move register to A 1 1 
MOV A, @R Move data memory to a 1 1 
MOV A, #data Move immediate to A 2 2 
MOVR,A Move A to register 1 1 
MOV @R, A Move A to data memory 1 1 
2 MOV R, #data Move immediate to register 2 2 
2 MOV @Q@R, #data Move immediate to data memory 2 2 
= MOV A, PSW Move PSW to A 1 1 
2 MOV PSW, A Move A to PSW 1 1 
Q XCHA,R Exchange A and register 1 1 
XCHA, @R Exchange A and data memory 1 1 
XCHD A, @R Exchange nibble of A and register 1 1 
MOVX A, @R Move external data memory to A 1 2 
MOVX @R, A Move A to external data memory 1 2 
MOVP A, @A Move to A from current page 1 2 
MOVP3 A, @A Move to A from page 3 1 2 
MOV A, T Read timer/counter 1 1 
S MOVT,A Load timer/counter 1 1 
5 STRT T Start timer 1 1 
O STRT CNT Start counter 1 1 
® STOP TCNT Stop timer/counter 1 1 
E EN TCNTI Enable timer/counter interrupt 1 1 
DIS TCNTI Disable timer/counter interrupt 1 1 
EN | Enable external interrupt 1 1 
DIS | Disable external interrupt 1 1 
© SEL RBO Select register bank 0 1 1 
= SEL RB1 Select register bank 1 1 1 
©O SEL MBO Select memory bank 0 1 1 
SEL MB1 Select memory bank 1 1 1 
ENTO CLK Enable clock output on TO 1 1 
NOP No operation 1 1 


Mnemonics copyright Intel Corporation 1978 
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ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias *COMMENT: 
WOTSS «rirewietes cartier cetinaues -55°C to +100°C Stresses above those listed under “Absolute Maximum Ratings” 
MBO4S/MBOSSL «2. esses eee “S5°C to +125°C side eo etn tel ecaey es edi caper te 
Storage Temperatu . ee “65°C to +150°C sealers above those indicated in the operational sections of this 
Voltage On Any Pin With Respect specification is not implied. 
10 GOUNG oc4cscesdexs UA bueeeogae eaeees -0.5 to +7V 
Power Dissipation .......... ccc cece cece ees 1.5 Watt. 


D.C.AND OPERATING CHARACTERISTICS 
Ta = —55°C to (100°C M8748/125°C M8048/M8035L), Voc = Vop = +5V + 10%, Vgg = OV 


Limits Test Conditions 


Vit Input Low Voltage 
(All Except RESET, X1, X2) 

Vind Input Low Voltage _ 

Vin Input High Voltage 3 Voc 
(All Except XTAL1, XTAL 2, RESET) 


Symbol Parameter 
(RESET, X1, X2) 
Input High Voltage (RESET, X1, X2) 3.8 


< 
= 


Voi Output Low Voltage lo. = 1.2mA 
(BUS, RD, WR, PSEN, ALE) 

Vout Output Low Voltage lo. = 0.8mA 
(All Other Outputs) 

Vou Output High Voltage (BUS) 2.4 rd lon = -240uA 

Vout Output High Voltage lOH = -5OuA 
(RD, WR, PSEN, ALE) 
Output High Voltage lOH = -30uA 
(All Other Outputs) 


Mey Input Leakage Current (T1, IN 


hoi Input Leakage Current __ 
(P10-P17, P20-P27, EA, SS) 


lLo Output Leakage Current (BUS, TO) 
(High Impedance State) 


Vpp Supply Current 


Vss<Vin<Voc 
Vsst+.45 <Vin <Vcc 


Vss + -45<Vin<Vocc 


< 
Oo 
<= 
XS) 
' 


o 
o 

— 
rs) 


Ippo t+!oc Total Supply Current 


a 
Oo 
fo] 


BUS P1, P2 BUS, P1, P2 


-50 mA 70mA 


50mA 


— 500 yA 
-30 mA — 300 LA 
3 TYPICAL = e 
£ fe) 2 
aa 30mA TYPICAL 
TYPICAL 
-10 mA — 100 yA . 
10mA oa 
ov 2v AV ov 2v 4v ov 2V 4v 
VOH VOH 


Vou 
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WAVEFORMS FOR PROGRAMMING 


COMBINATION PROGRAM/VERIFY MODE (EPROM’S ONLY) 


23V 
EA 
5V 


- PROGRAM ii aan PROGRAM —————__—_ 
ttw 


( ona DATA TO BE DATA NEXT ADDR 
DBo-DB7 ( ona VALID PROGRAMMED VALID VALID VALID 
LAST NEXT 


a tee ee eee ee ee 


VERIFY MODE (ROM/EPROM) 


DBy-DBy __ ADDRESS DATA OUT — NEXT NEXT DATA Pe ears) 
: (0-7) VALID VALID ADDRESS OUT VALID 


NOTES: 
1. PROG MUST FLOAT IF EA IS LOW (i.e., #23V), OR IF TO = 5V FOR THE 8748. FOR THE 
8048 PROG MUST ALWAYS FLOAT. 
2. X1 AND X2 DRIVEN BY 3 MHz CLOCK WILL GIVE Susec tcy. THIS IS ACCEPTABLE FOR ALL PARTS. 


The 8748 EPROM can be programmed by either of two 
Intel products: 


1. PROMPT-48 Microcomputer Design Aid, or 

2. Universal PROM Programmer (UPP Series) 
peripheral of the Intellec® Development System with a 
UPP-848 Personality Card. 
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A.C. CHARACTERISTICS (PORT 2 TIMING) 
Ta = 55°C to (100°C M8748/125°C M8048/M8035L), Veg = +5V + 10%, Vsg = OV 


Symbol aan ae a ae Test Conditions 


tcp Port Control enoe Before Falling 
Edge of PROG 
tec Port Control Hold After Falling 
Edge of PROG 
tpr PROG to Time P2 uals Must Be Valid re 
top Output Data te Time ae ae ee 


230 | 
= [pt Oxia Hott Ting [95 [| 
tee | PROG Pulse width | ce | ts 
a a 
p20 | Ts 


tPL Port 2 I/O Data Setup 
tLe Port 2 I/O Data Hold 


PORT 2 TIMING 


ALE 
tca 


EXPANDER 
PORT 


OUTPUT (ree {| PORT 29.3 DATA [X%} = PORT CONTROL ( OUTPUT DATA y 


EXPANDER | 
PORT 


<—'cp- 


teL tie: top tep 


PROG 


2- 


Oo) 
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CRYSTAL OSCILLATOR MODE 


C1 = 5pF + %pF + STRAY < 5pF 
C2 = CRYSTAL + STRAY < 8pF 
C3 = 20pF + 1pF + STRAY < 5pF 


CRYSTAL SERIES RESISTANCE SHOULD BE LESS THAN 75° AT 6MHz; LESS 
THAN 1802 AT 3.6MHz. 


LC OSCILLATOR MODE 


25 x NOMINAL ¢ ic! 
45u.H 20pF . 5.2MHz 2aVlC’ 
120uH  20pF 3.2 MHz 


CAPACITANCE 


EACH C SHOULD BE APPROXIMATELY 20 pF. INCLUDING STRAY CAPACITANCE. 


DRIVING FROM EXTERNAL SOURCE 


+5V 


FOR XTAL 1 AND XTAL 2 DEFINE “HIGH” AS VOLTAGES ABOVE 1.6V AND “LOW” 
AS VOLTAGES BELOW 1.6V. THE DUTY CYCLE REQUIREMENTS FOR EXTERNALLY 
DRIVING XTAL 1 AND XTAL 2 USING THE CIRCUIT SHOWN ABOVE ARE AS 
FOLLOWS: 

FOR THE 8048, XTAL 1 MUST BE HIGH 35-65% OF THE PERIOD AND XTAL 2 MUST 


BE HIGH 35-65% OF THE PERIOD. 


FOR THE 8748, XTAL MUST BE HIGH 45-50% OF THE PERIOD AND XTAL 2 MUST 


BE HIGH 50-55% OF THE PERIOD. 


RISE AND FALL TIMES MUST NOT EXCEED 20 ns. 


PROGRAMMING, VERIFYING, AND 
ERASING THE 8748 EPROM 


Programming Verification 


In brief, the programming process consists of: activating 
the program mode, applying an address, latching the 
address, applying data, and applying a programming pulse. 


Each word is programmed completely before moving on to 


the next and is followed by a verification step. The follow- 
ing is a list of the pins used for programming and a descrip- 
tion of their functions: 


Function 
Clock Input (1 to 6MHz) 


Reset Initialization and Address Latching 
Test 0 Selection of Program or Verify Mode 
EA Activation of Program/Verify Modes 
BUS Address and Data Input 

Data Output During Verify 
P20-1 Address Input 
Vop Programming Power Supply 


Program Pulse Input 


WARNING: 


An attempt to program a missocketed 8748 will result in severe 
damage to the part. An indication of a properly socketed part is the 
appearance of the ALE clock output. The lack of this clock may 
be used to disable the programmer. 


The Program/Verify sequence is: 


1 06¢NV = 5v, Clock applied or internal oscillator operating, 
RESET = Ov, TEST 0= 5v, EA = 5v, BUS and PROG 


floating. 
2. Insert 8748 in programming socket 
ae TEST O = Ov (select program mode) 
4, EA=23V (activate program mode) 
5. Address applied to BUS and P20-1 
6. RESET = 5v (latch address) 
ra Data applied to BUS 
8. Vpp = 25v (programming power) 
9. PROG = Ov followed by one S50ms pulse to 23V 
10. Vpp = 5v 
11. TEST O = 5v (verify mode) 
12. Read and verify data on BUS 
13. TEST O=O0v 


14. RESET = Ov and repeat from step 5 


15. Programmer should be at conditions of step 1 when 8748 
is removed from socket. 


Cpp = 5 - 10 pF PIN-TO-PIN 


M8048/M8748/M8035L 


AC TIMING SPECIFICATION FOR PROGRAMMING 
Ta = 25°C + 5°C, Voc = 5V + 5%, Vop = 25V + 1V 


two Data in Hold Time After PROG | 


tPH RESET Hold Time to Verify Pacey fof 
a ne ee el 
tvODH Vop Hold Time After PROG | Foo | 


ea 


tRE RESET Setup Time Before EA }, 4tcy 


os rogram Fue ah ae _ 

tw __| Test Setup Time for ProgramMode | acy | |. 

tcy CPU Operation Cycle Time Lo us 
es 


Note: If Test 0 is high too can be triggered by RESET ¢. 


DC SPECIFICATION FOR PROGRAMMING 
Ta = 25°C + §°C, Voc = 5V + 5%, Vop = 25V + 1V 


VDOH Voo Program Voltage High Level 


VDDL Vop Voltage Low Level 


Test Conditions 


VPH PROG Program Voltage High Level 
Ve.___| PROG VoltageLowlevel | S| =k] 
loo___| __VooHigh Voltage Supply Current | | 30.0 -«| mA CS 
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WAVEFORMS 


Instruction Fetch From External Program Memory 


ey 
pee = Ty as 


ALE 
PSEN 


BUS 


INSTRUCTION 


Write to External Data Memory 


too CL 


— ‘cc ane tca = 


ALE 


tow Sore two 
FLOATING X ADDRESS FLOATING DATA FLOATING 


<< tay —— 


Read From External Data Memory 


ALE 


oe eC 
— tec =e tca k— 
ap Lf 


Lt esteem 


FLOATING ADDRESS 


—_—_§_— tan —__> 


| FLOATING | 


—- a 


FLOATING 


|< tao 


Input and Output Waveforms for A.C. Tests 


2.4 


2.0 


> TEST POINTS < 


0.8 
0.45 


A.C. CHARACTERISTICS 


Ta = —55°C to (100°C M8748/125°C M8048/M8035L), Voc = Vpp = +5V + 10%, Ves = OV 


Symbol Parameter M8035L Conditions (Note 1) 
| Min. | Max. | Min.[Max. _| 

tar__| AddressSetuuptoALe | 120] | 120] | ns 

a [Adee Hoidtrom ate ———*| fo] | om 

veo] Control Pl with PSE, AB, WAY| oo] | ooo] |v _ 

a a 

er [omer ese [psoas 
XTAL 8748) 

OC 

ware | Adres Float to RO,PSEN | ao | -a0| | + 

ca | convorPuetoate 4 of | wf | rs 


Note 1: Control outputs: 
BUS Outputs: 


C, = 80 pF 


C_ = 150 pF 4.17us for 8748 


tcy = 2.5us for 8048/8035L 
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In M8080A 
8-BIT N-CHANNEL MICROPROCESSOR 


The M8080A is functionally compatible with the Intel® 8080. 


a Fully Military Temperature Range a 16-Bit Stack Pointer and Stack 

— 55°C to +125°C Manipulation Instructions for Rapid 
= +10% Power Supply Tolerance Switching of the Program Environment 
m= 2 us Instruction Cycle = Decimal, Binary, and Double Precision 
= Powerful Problem Solving Instruction Arithmetic 

Set = Ability to Provide Priority Vectored 
= 6 General Purpose Registers and an Interrupts 

Accumulator 


a 16-Bit Program Counter for Directly a 512 Directly Addressed I/O Ports 


Addressing up to 64K Bytes of 
Memory 


The Intel® M8080A is a complete 8-bit parallel central processing unit (CPU). It is fabricated on a single LSI chip using 
Intel’s n-channel silicon gate MOS process. This offers the user a high performance solution to control and processing 
applications. 
The M8080A contains 6 8-bit general purpose working registers and an accumulator. The 6 general purpose registers 
may be addressed individually or in pairs providing both single and double precision operators. Arithmetic and logical 
instructions set or reset 4 testable flags. A fifth flag provides decimal arithmetic operation. 
The M8080A has an external stack feature wherein any portion of memory may be used as a last in/first out stack to 
store /retrieve the contents of the accumulator, flags, program counter and all of the 6 general purpose registers. The 
16-bit stack pointer controls the addressing of this external stack. This stack gives the M8080A the ability to easily 
handle multiple level priority interrupts by rapidly storing and restoring processor status. It also provides almost 
unlimited subroutine nesting. 
This microprocessor has been designed to simplify systems design. Separate 16-line address and 8-line bidirectional 
data busses are used to facilitate easy interface to memory and I/O. Signals to control the interface to memory and I/O 
are provided directly by the M8080A. Ultimate control of the address and data busses resides with the hold signal. It 
provides the ability to suspend processor operation and force the address and data busses into a high impedance 
state. This permits OR-tying these busses with other controlling device for (DMA) direct memory access or multi- 
processor operation. 

BLOCK DIAGRAM D, -Do 


BI- DIRECTIONAL 
DATA BUS 


DATA BUS 
BUFFER/LATCH 
(8 BIT) (8 BIT) 
INTERNAL DATA BUS | INTERNAL DATA BUS 


[| — MULTIPLEXER 
zene Te er —_ 


H (8) L (8) 
REG. REG. 
(16) 
STACK POINTER 
(16) 
PROGRAM COUNTER 


INCREMENTER/DECREMENTER 
ADDRESS LATCH (16) 


ACCUMULATOR 
(8) 
ACCUMULATOR 
LATCH (8) 


TEMP. nue 


INSTRUCTION 
DECODER 


ARITHMETIC 


LOGIC 
UNIT 


REGISTER 
ARRAY 


ENCODING 


REGISTER SELECT 


TIMING 
AND 
CONTROL 


(16) 
ADDRESS BUFFER 


POWER | ——~ +12V 
SUPPLIES | ——» i5y DATA BUS INTERRUPT HOLD WAIT 
WRITE CONTROL CONTROL CONTROL CONTROL SYNC CLOCKS 
—» -5V 
—+> GND { 
WR DBIN INTE INT HOLD HOLD WAIT SYNC <1 :2 RESET A... 
ACK READY ie 
ADDRESS BUS 


M8080A 


eee wwwéwvw—e 


INSTRUCTION SET 


The accumulator group instructions include arithmetic and 
logical operators with direct, indirect, and immediate ad- 
dressing modes. 


Move, load, and store instruction groups provide the ability 
to move either 8 or 16 bits of data between memory, the 
six working registers and the accumulator using direct, in- 
direct, and immediate addressing modes. 


The ability to branch to different portions of the program 
is provided with jump, jump conditional, and computed 
jumps. Also the ability to call to and return from sub- 
routines is provided both conditionally and unconditionally. 
The RESTART (or single byte call instruction) is useful for 
interrupt vector operation. 


Double precision operators such as stack manipulation and 
double add instructions extend both the arithmetic and 
interrupt handling capability of the M8080A. The ability to 


Data and Instruction Formats 


increment and decrement memory, the six general registers 
and the accumulator is provided as well as extended incre- 
ment and decrement instructions to operate on the register 
pairs and stack pointer. Further capability is provided by 
the ability to rotate the accumulator left or right through 
or around the carry bit. 


Input and output may be accomplished using memory ad- 
dresses as 1/O ports or the directly addressed 1/O provided 
for in the M8080A instruction set. 


The following special instruction group completes the 
M8080A instruction set: the NOP instruction, HALT to stop 
processor execution and the DAA instructions provide deci- 
mal arithmetic capability. STC allows the carry flag to be di- 
rectly set, and the CMC instruction allows it to be comple- 
mented. CMA complements the contents of the accumulator 
and XCHG exchanges the contents of two 16-bit register 
pairs directly. 


Data in the M8080A is stored in the form of 8-bit binary integers. All data transfers to the system data bus will be in the 


[D; Dg Ds D4 D3 Do Dy Do | 


same format. 


DATA WORD 


The program instructions may be one, two, or three bytes in length. Multiple byte instructions must be stored 
in successive words in program memory. The instruction formats then depend on the particular operation 


executed. 


One Byte Instructions 


[ D7 Dg Ds Dy D3 Do Dy Do | OP CODE 
Two Byte Instructions 

D7 Dg Ds D4 D3 Dz D; Do | OP CODE 
D7 Dg Ds D4 D3 Dz Dy Do OPERAND 
Three Byte Instructions 

D7 Dg Ds D4 D3 Dz Dy Dg} OP CODE 


D7 Dg Ds D4 D3 Dz Dy Do 


Dz Dg Ds D4 D3 Dz Di Do 


TYPICAL INSTRUCTIONS 


Register to register, memory refer- 
ence, arithmetic or logical, rotate, 
return, push, pop, enable or disable 
Interrupt instructions 


Immediate mode or I/O instructions 


Jump, call or direct load and store 
instructions 


LOW ADDRESS OR OPERAND 1 
HIGH ADDRESS OR OPERAND 2 


For the M8080A a logic “1” is defined as a high level and a logic 0" is defined as a low level. 


2-11 


M8080A 


ABSOLUTE MAXIMUM RATINGS* 


-55°C to +125°C 
-65°C to +150°C 


Temperature Under Bias............. 
Storage Temperature 
All Input or Output Voltages 


*COMMENT: Stresses above those listed under ‘Absolute Maxi- 
mum Ratings” may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 


vice at these or any other conditions above those indicated in 


With Respect to Vag .----.-------- -0.3V to +20V the operational sections of this specification is not implied. Ex- 
Vcc. Vpp and Vsg With Respect to Vag -0.3V to +20V posure to absolute maximum rating conditions for extended 
Power Dissipation’ ...4<4 ce seesa ve weed ve aavws 1.7W periods may affect device reliability. 


D.C. CHARACTERISTICS 
Ta = -55°C to +125°C, Vpp = +12V +10%, Voc = +5V +10%, Vag =-5V £10%, Vgg = OV, Unless Otherwise Noted. 


Test Condition 


ViHC Clock Input High Voltage Vpopt1 

VIL Input Low Voltage i 

Vin | Input High Voltage cle 

Vou Output High Voltage ee 7 15QUA. 


Operation 
Tcy = .48 usec 


Ip, [2] Data Bus Leakage in Input Mode -100 -" ee <Vgs + 0.8V 
“2.0 | MA | Veg +0.8V<Vin <Vec 
Address and Data Bus Leakage +10 VADDR/DATA = Vcc 
FL During HOLD roo | #” 
uring . VADDR/DATA = Vgs + 0.45V 
CAPACITANCE 15 
1. = 25°C Vec = Vop = Vss =OV, Vep =-5V 7 
Parameter p. | Max. | Unit | Test Condition = 
oO 
= > 
Clock Capacitance <a eee f, = 1 MHz Sis 
Input Capacitance | 6 | 10 | pf Unmeasured Pins a 


Output Capacitance Returned to Vsg 


p10 | 2 | er 
-55 +50 +125 
NOTES: 
1. The RESET signal must be active for a minimum of 3 clock cycles. 
2. When DBIN is high and Viny > VIH an internal active pull up will 
be switched onto the Data Bus. 
3. Al supply / AT, = -0.45%/°C. 


AMBIENT TEMPERATURE (°C) 


Figure 1. Typical Supply Current vs. 
Temperature, Normalized/sl 


MAX 


Voc 


Vin 
Figure 2. Data Bus Characteristic During 
DBIN 
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M8&080A 


A.C. CHARACTERISTICS 
Ta = -55°C to +125°C, Vpp = +12V #10%, Voc = +5V +10%, Vag = -5V +10%, Veg = OV, Unless Otherwise Noted. 


Symbol Parameter | Min. | Max. | Unit Test Condition 


Parameter 
tt | Glock Riseand Felting 80 [ve 
z m0 | [nase 
a, 
tp3 Delay ¢, to 2 Leading Edges 80 | [nsec | 
ioc _| Sel Outpt Delay Frome. ordziswNc WRwarrtow | | 10 nsee) | 
tos1 Data Setup Time During ¢, and DBIN | 30 | | nsec | 
WAVEFORMS"! (Note: Timing measurements are made at the following reference voltages: CLOCK ‘1 = 7.0V, 


a 8 ag = 1.0V; INPUTS i a = 3.0V, sia ig 4 0.8V; OUTPUTS ar (es = 2.0V, "0" = 0.8V.) 


es ty =" 'oi\*— 


94 


-_ 
\ 
<—'y2—> 
O9 i / LN h 
j<-to3> —>| tor <— 
Naas Tee 
t a 

Ais-Ag =——_— — —— eee ww oe oe oe —— ane 
aaa ° haa meme) Tes aie 
pa ~ 


DBIN 


he top> + top> 


INTE 
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A.C. CHARACTERISTICS (Continued) 
Ta = -55°C to +125°C, Vpp = +12V +10%, Voc = +5V +10%, Veg = -5V +10%, Ves = OV, Unless Otherwise Noted. 


tos2 
toy |) 
tye [2] 
trRs 
tHs 

ts 

tH 

teD 
taw (2) 
tow 2] 
twp/2! 
twa [2] 
typ [2] 
twe (2] 
tap [2] 


oy 


READY 


WAIT 


HOLD 


HLDA 


INT 


INTE 


<a tye 


HLDA to Float Delay 
WR to Float Delay 
Address Hold Time After DBIN During HLDA 


=e 
nae 


M8080A 


Data Setup Time to ¢2 During DBIN 130 | | nsec | 


Data Hold Time From ¢2 During DBIN 
INTE Output Delay From ¢2 
READY Setup Time During $2 


| 120 | | nsec | 
[HOLD Set Tiwtoga | 
[INT Setup TimeDuringgg | 120 || nse 
Hol Tine From gaineaov.iwenovo) | 8] 
[Bsa lst Dura Hold naan onaowaben | + TD [ne 
[AddressStablePriortoWR Tt} || nee 


Output Data Stable Prior to WR 
Output Data Stable From WR 
Address Stable From WR 


pin [see 


ae eee 
To [Ye 
[foie | fo 


NOTES: 


1. 


Data input should be enabled with DBIN status. No bus conflict can then occur and data hold time is assured. 
toH = 50ns or tog, whichever is less. 


2. Load Circuit. 


3. 


+5V 


M8080A 
OUTPUT 


“es 


tcy = tpg + trp2 + to2 + teg2 + to2 + tro > 480ns. = 


TYPICAL A OUTPUT DELAY VS. A CAPACITANCE 
+20 


+10 


A OUTPUT DELAY (ns) 
° 


-100 -50 0 +50  ~—«-+100 


\ CAPACITANCE (pf) 
(Cactuat ~ spec! 


. The following are relevant when interfacing the M8080A to devices having Vij} = 3.3V: 


a) Maximum output rise time from .8V to 3.3V = 100ns @ Cy = SPEC. 

b) Output delay when measured to 3.0V = SPEC +60ns @ Cy, = SPEC. 

c) If CL # SPEC, add .6ns/pF if Cy > Cgpec, subtract .3ns/pF (from modified delay) if CL < Cspec. 
taW = 2 tcy -to3 ~trg2 -140nsec. 

tow =tcy -to3 -tre2 -170nsec. 


. If not HLDA, twp = twa = tp3 + trg@2 +10ns. If HLDA, twp = twa = twe.- 
. tHE = tp3 + trg2 -50ns. 
- tWF = tog + tre2 -10ns 


Data in must be stable for this period during DBIN ‘T3. Both tos 1 and tps2 must be satisfied. 


. Ready signal must be stable for this period during Tz or Ty. (Must be externally synchronized.) 


Hold signal must be stable for this period during T2 or Ty when entering hold mode, and during T3, Tq, Ts 
and TWH when in hold mode. (External synchronization is not required.) 


. Interrupt signal must be stable during this period of the last clock cycle of any instruction in order to be 


recognized on the following instruction. (External synchronization is not required.) 


. This timing diagram shows timing relationships only; it does not represent any specific machine cycle. 
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intel 


M8212 
8-BIT INPUT/OUTPUT PORT 


@ Fully Parallel 8-Bit Data Register and 
Buffer 


m@ Service Request Flip-Flop for Interrupt 
Generation 


@ Low Input Load Current 0.25mA Max 
@ 3-State Outputs 


@ Full Military Temperature Range 
-55°C to +125°C 


@ 3.4V Output High Voltage for Direct 
Interface to M8080A CPU 


m@ Asynchronous Register Clear 


= Replaces Buffers, Latches, and Multi- 
plexers in Microcomputer Systems 


m@ Reduces System Package Count 
= +10% Power Supply Tolerance 
@ 24-Pin Dual In-Line Package 


The Intel® M8212/M3212 input/output port consists of an 8-bit latch with 3-state output buffers along with control and 
device selection logic. Also included is a service request flip-flop for the generation and control of interrupts to the 


microprocessor. 


The device is multimode in nature. It can be used to implement latches, gated buffers or multiplexers. Thus, all of the 
principal peripheral and input/output functions of a microcomputer system can be implemented with this device. 


*Note: The specifications for the M3212 are identical with those for the M8212. 


PIN CONFIGURATION 


PIN NAMES 


ice I 
4 INTERRUPT (ACTIVE LOW) 


: CLEAR (ACTIVE LOW) 


LOGIC DIAGRAM 
SERVICE REQUEST FF 


ae 8, nt D> 


[3> os2 | LACTIVE LOW) 
DDE 
[2> mo is ) ) wR 
. - ae 
De | ] oureur 


| BUFFER 


> 01, ——— fe a 
[E>0'2 = fr US Doz [6 > 


DQ 
ed | 
Coos Da i | 003 E> 
aps f | 
= | 
(o> bi, a8 f 004 [o> 


a: - <a: a) | 

bce ACTIVE om LY | | 
( IVE L | 

bo eee heel 
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M8212 


ABSOLUTE MAXIMUM RATINGS* *COMMENT: Stresses above those listed under “Absolute 

. Maximum Ratings’’ may cause permanent damage to the 

Temperature Under Bias ........ —55°C to +125°C device. This is a stress rating only and functional opera- 

Storage Temperature .......... —65°C to +160°C __ tion of the device at these or any other conditions above 

All Output or Supply Voltages _.. .—0.5 to +7 Volts those indicated in the operational sections of this specifi- 

cation is not implied. Exposure to absolute maximum 

All Input Voltages ............ —1.0 to 5.5 Volts rating conditions for extended periods may affect device 
Output Currents .......... 2c eee ee eee 100 mA reliability. 


D.C. CHARACTERISTICS 
T, =-55°C to +125°C Vee = t5V +10% 


Limits 

Symbol Parameter Test Conditions 

IF Input Load Current Ve = .45V 
STB, DS2, CR, Dli-Dlg Inputs 

lg Input Load Current — .75 mA V; = .45V 
MD Input 

lf Input Load Current mA Ve = .45V 
DS, Input 

IR Input Leakage Current LA Ve = Vec 
STB, DS, CR, Dli-Dls Inputs 

IR Input Leakage Current LA Ve = Vec 
MD Input 

Ip Input Leakage Current ELA Ve = Vec 
DS, Input 

Ve. InputForward Voltage Clamp |_| ~*«Y + -12: | v | c= -8mA 

Vor Output “Low” Voltage ro | 45 | VO | lo = 10mA 

VOH Output “High” Voltage a cS lon = -.5mA 

los Short Circuit Output Current P| -75 | mA Vec = 5.0V 

[1o| Output Leakage Current LA Vo = .45V to Vcc 
High Impedance State 

lec Power Supply Current PF 90 145 
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M8212 


A.C. CHARACTERISTICS 
Ta =-55°C to +125°C Veg = +5V 410% 


Symbol 


tpw 
tPD 
tWE 
tSET 
tH 
tR 
ts 
te 
tc 


Parameter 


Pulse Width 


Data To Output Delay 


Write Enable To Output Delay 


Data Setup Time 
Data Hold Time 


Reset To Output Delay 


Ww 


Set To Output Delay 
Output Enable/Disable Time 50 
Clear To Output Delay 55 


tt 
oO 


CAPACITANCE  F = 1 Mhz, Vas =2.5V, Voc = +5V, Ta = 25°C 


LIMITS 


Max. 
DS, MD Input Capacitance 9 pF 15 pF 
DS,,CLR, STB, DI,-DI, 5 pF 10 pF 


Input Capacitance 
DO,-DO, Output Capacitance 


8 pF 15 pF 


SWITCHING CHARACTERISTICS 


Conditions of Test 


Input Pulse Amplitude = 2.5V 
Input Rise and Fall Times: 5 ns between 1V and 2V 


NOTE 1: 


tep. twe, tr, ts, tc 
te, ENABLET 


te, ENABLE} 
te, DISABLE? 
te, DISABLE} 
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Test Conditions 


NOTE 1 


NOTE 1 
NOTE 1C, = 30 pF 
NOTE 1 


Test Load 


R, 


M8212 


TIMING DIAGRAM 


Oata 


STB or DS, ¢ DS, 1.5V 1.5V 


OUTPUT 


DS, ¢ DS, + MO 15V 


DATA 


STB or Ds, e DS» 


OUTPUT 


STB 1.5V 1.5V 
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M8212 


TYPICAL CHARACTERISTICS 


INPUT CURRENT VS. INPUT VOLTAGE OUTPUT CURRENT VS. OUTPUT “LOW” VOLTAGE 


q E 
> 5 
ua tad 
: : 
3 3 
im - 
= =) 

re) 

INPUT VOLTAGE (V) OUTPUT “LOW” VOLTAGE (V) 
OUTPUT CURRENT VS. DATA TO OUTPUT DELAY 
OUTPUT “HIGH” VOLTAGE VS. LOAD CAPACITANCE 

: : 
re c 
2 ra} 
: : 
rs) > 
- ° 
4 ° 
= = 
> a 
? q 

ra) 

OUTPUT “HIGH” VOLTAGE (V) LOAD CAPACITANCE (pF) 
DATA TO OUTPUT DELAY WRITE ENABLE TO OUTPUT DELAY 
VS. TEMPERATURE VS. TEMPERATURE 

_ : 
é : 
= a 
a = 
z Fs} 
5 e 
8 “ 

@ 
< 3 
< 7 
=) = 

x 

= 


TEMPERATURE ( C) TEMPERATURE { C) 
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in 


M8214 
PRIORITY INTERRUPT CONTROL UNIT 


a 8 Priority Levels a 24-Pin Dual In-Line Package 


a Fully Expandable a Full Military Temperature Range 


=e ° ° 
= Current Status Register 55°C to + 125°C 


a Priority Comparator a» +10% Power Supply Tolerance 


The Intel® M8214 is an 8-level priority interrupt contro! unit (PICU) designed to simplify interrupt-driven microcom- 
puter systems. 


The PICU can accept 8 requesting levels; determine the highest priority, compare this priority toa software controlled 


current status register and issue and interrupt to the system along with vector information to identify the service 
routine. 


The M8214 is fully expandable by the use of open collector interrupt output vector information. Control signals are 
also provided to simplify this function. 


The PICU is designed to support a wide variety of vectored interrupt structures and reduce package count in interrupt- 
driven microcomputer systems. 


PIN CONFIGURATION LOGIC DIAGRAM 
(11> ELR 
Vee (13> ETLG 
= REQUEST ACTIVITY 
ECS ~ 
R,——0 
~~ Ey = (OPEN COLLECTOR) 
R, i is 
a cles a. fa 
x (17> R,—4 LatcH 0 [8> 
6 18> R,—a AND Ei o 
i, "3 ie ie = K, [a> 
R. [19> R,— ENCODER 
be) aca -— 
_ R. i BD- A, [10> 
R — ‘ 
: Zi> Re fF >t — ENLG/14 
R. [22> R, (OPEN 
COLLECTOR) 
R, _ 4 Ho af peoe-int [5 
= O> B%-—- INT 
(2> &,—ofCURRENT FF 
a STATUS 
R, B> 8, tc 
: [4> 56S PRIORITY 
eat COMPARATOR 
ENLG [23> ECS 
ETLG 
PIN NAMES 
[7> INTE 
. REQUEST LEVELS (R7 HIGHEST PRIORITY) (e> éLK 
8B, CURRENT STATUS 


sGs STATUS GROUP SELECT 

ECS ENABLE CURRENT STATUS 
INTE INTERRUPT ENABLE 

ecLK CLOCK (INT F-F) 

ELA ENABLE LEVEL READ 

ETLG ENABLE THIS LEVEL GROUP 
OUTPUTS 

Ao-A2 


z| 


REQUEST LEVELS = OPEN 
INTERRUPT (ACT. LOW) COLLECTOR 
ENABLE NEXT LEVEL GROUP 


m 
z 
e 
(7) 
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M8214 


ABSOLUTE MAXIMUM RATINGS* “COMMENT. Stresses above those listed under “Absolute 


Maximum Ratings” may cause permanent damage ¢ 


: _ero ° 
Temperature Under Bias .......... 55 a to +125 wf device. This is a stress rating only and functional o 
Storage Temperature ............ —65°C to +160°C tion of the device at these or any other conditions above : 
All Output and Supply Voltages........ —0.5V to +7V those indicated in the operational sections of this specifi- = 
All Input Voltages ..............0. —1.0V to +5.5V cation is not implied. Exposure to absolute maximum 
Output Currents ...................00, 100 mA rating conditions for extended periods may affect device 
reliability. 
D.C. AND OPERATING CHARACTERISTICS 
Ta = 55°C to 125°C Vcc = 5V +10% 
Limits 
sits treme ae ia 
Typ.(1] Max. Unit 
Ve Input Clamp Voltage (all inputs) Lt 212 Ic=-5mA 
lg Input Forward Current: ETLG input -0.5 mA Vp =0.45V 
all other inputs -0.25 mA 
Ir Input Reverse Current: ETLG input 80 LA VR=5.5V 
all other inputs 40 LA 
Vit Input LOW Voltage: all inputs Ff oe fv Vec=5.0V 
Vis Input HIGH Voltage: _ all inputs 2.0 a ae a Vec=5.0V 
lec Power Supply Current | 90 | 130 | ma | See Note 2. 
VoL Output LOW Voltage: all outputs Pf 3 ff a loL=10mMA 
Vor Output HIGH Voltage: | ENLG output (24 | 30 | [ov | lou=-1mA 
los Short Circuit Output Current: ENLG output p-15 -35 | -55 | mA | Vec =5.0V 
Icex Output Leakage Current: INT, Ao, Ai, A> | | 90 fa VCEx=5.5V 


NOTES: 
1. Typical values are for Ta = 25°C, Voc = 5.0V. 
2. Bo-B2, SGS, CLK, Ro-R4 grounded, all other inputs and all outputs open. 


M8214 


A.C. CHARACTERISTICS ~— Ta =-55°C to +125°C, Vcc = +5V 410% 


Limits 

ate Proms 
tiss INTE or Time to CLK | 16 | 12 | | ns 
tisH INTE Hold Time after CLK | 20 | 10 | | ns 
tetcs|2! ETLG sell a Time to CLK a ns 
teccH|3! ECS Hold Time After = Foo | | ns 
tecry!3! | ECS Hold Time After CLK Poo | | 

tecss[2! ECS oe Time to CLK | 95 | 7o || ns 
tocs|2! SGS and Bo- B2 mdr Time to CLK - go | so | | ns 
tac?! a R> Hold Time After CLK a ns 
ELA a to Ao: Ag oe Delay | 40 55 ns 
tREN Ro- Rz to ENLG a Delay se ns 
tETEN ns 


A 


CAPACITANCE 


Parameter | Min. | Typ.(1] | Max 


| InputCapacitance Cid 
Output Capacitance Except ENLG (Pin 14) a aa 


Test Conditions: Veias = 2.5V, Vec = SV, Ta = 25°C, f = 1 MHz 


Unit 
pF 
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intel 
M8216/M8226 


4-BIT PARALLEL BIDIRECTIONAL BUS DRIVER 


= Data Bus Buffer Driver for 8080 CPU @ 3.40V Output High Voltage for Direct 


Interface to 8080 CPU 
= Low Input Load Current: 0.25mA 


Maximum @ 3-State Outputs 

& High Output Drive Capability for = Full Military Temperature Range 
Driving System Data Bus -55°C to +125°C 

@ 16-Pin Dual In-Line Package = +10% Power Supply Tolerance 


The M8216/M8226 is a 4-bit bidirectional bus driver/receiver. All inputs are low power TTL compatible. For driving MOS, 
the DO outputs provide a high 3.40V Von, and for high capacitance terminated bus structures, the DB outputs provide a 
high 50 mA lot capability. A non-inverting (M8216) and an inverting (M8226) are available to meet a wide variety of 
applications for buffering in microcomputer systems. 


PIN CONFIGURATION LOGIC DIAGRAM LOGIC DIAGRAM 
M8216 M8226 


PIN NAMES — 


pp,.0B, | DATA BUS 


S 
7 0 '3 | BIDIRECTIONAL _ ; 
Diy Dl, | DATA INPUT 7 


Sco Tek eee ae | foe 
BO,-D0, DATA OUTPUT | é La 
E DATAINENABLE | 5 


| DIEN 


_ DIRECTION eae Y ° 
[S| cuwsevect 
DIEN © 
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M8216/M8226 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias ............ —55°C to +125°C 
Storage Temperature ............. — 65°C to + 160°C 
All Output and Supply Voltages......... —0.5V to +7V 
All Input Voltages ................. —1.0V to +5.5V 
Output Currents ........0.....2. 0.020000 8: 125 mA 


D.C. AND OPERATING CHARACTERISTICS 


Tp =-55 C to +125 GS, Vec = +5V +10% 


me 


VIL Input “Low” Voltage M8216 
VIL Input “Low” Voltage M8226 


llo| Output Leakage Current 
(3-State) 


VOL! Output “Low” Voltage 


VoL2 Output “Low” Voltage 


"COMMENT: Stresses above those listed under “Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


| Min. | Typ. | Max. Conditions 
input Load Current DEN. GE ___} __} ttt | 28 ta Vr = 0.45 
pT 88 | | Veco = 5 
| 90 | | Voc = 5 
VIN Ca Ee ee ee Voc = 5V 
a 


20 Vo = .45V to Vcc 
100 


DO Outputs lo. = 15mA 
DB Outputs loL = 25mA 


DB Outputs lo. = 45mA 


VOH Output “High” Voltage a DO Outputs IoH = -.56mMA 


VOH2 Output “High” Voltage 


DO Outputs Ion = -2mA 
DB Outputs lou = -5.0MA 


Output Short Circuit Current -15 -35 -65 mA | DO Outputs Vcc = 5.0V 
-30 -75 -120 mA | DB Outputs Vcc = 5.0V 


NOTE: Typical values are for Ta = 25°C, Vcc = 5.0V. 
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M8216/M8226 


WAVEFORMS 


INPUTS 1.5V 


OUTPUT 
ENABLE 


el... ene. ™ 
Tpp2 | Input to Output Delay DB Outputs 19 pe |e 
M8216 (NOTE 2) 
re [umarorwmwrrowe TT Pm 
M8226 (NOTE 2) 
Te | Output Enable Time mazte | «| _42_| 75 | ne ‘| (NoTE2) 
Te | Output Enable Time Maz26_———«|~—=«| a6 | 62 | ns‘ (NOTED) 
To__| Output Disable Time mezis__—| =| 6 | 40 | ne (| (NOTED) 
To | Output Disable Time maz26 «| —=—=«|~ 16+) 38 —~|_ns_| (NOTE2) 
Test Conditions Test Load Circuit Vec 
Input pulse amplitude of 2.5V. R 


Input rise and fall times of 5 ns between 1 and 2 volts. 


~ ee 
Cc, R 


CAPACITANCE ~ 


Input Capacitance 
Output Capacitance DO Outputs 


Output Capacitance DB Outputs 


Test Conditions: Vetas = 2.5V, Vec =5.0V, Ta = 25°C, f = 1 MHz. 
NOTES: 1. Typical values are for Ta = 25°C, Vcc = 5.0V. 


Symbol 
Cin 


| 300pF 
,ENABLEt) | 30pF 
ENABLE!) |! 30pF 


| 
,ENABLET) | 300pF 


, ENABLE4) | 300pF 


, DISABLET) 5pF 
, DISABLE}) 5pF | 
, DISABLET) 5pF 
, DISABLE}S) 5pF 
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intel 


M8224 


CLOCK GENERATOR AND DRIVER 
FOR 8080A CPU 


a Single Chip Clock Generatoz/Driver for a Oscillator Output for External System 


M8080A CPU 
= Power-Up Reset for CPU 
a Ready Synchronizing Flip-Flop 
a Advanced Status Strobe 


a Fully Military Temperature Range 
— 55°C to +125°C 


Timing 


a Crystal Controlled for Stable System 
Operation 


= Reduces System Package Count 


a +10% Power Supply Tolerance 


The Intel® M8224 is a single chip clock generator/driver for the M8080A CPU. It is controlled by a crystal, selected by 
the designer to meet a variety of system speed requirements. 


Also included are circuits to provide power-up reset, advance status trobe, and synchronization of ready. 
The M8224 provides the designer with a significant reduction of packages used to generate clocks and timing for 


M8080A. 


PIN CONFIGURATION 


RESET/ 41 167 | Vec 


RESIN[ 2 15f |XTAL1 
RDYIN[ 43 14 | XTAL2 
READY| 44 13 | TANK 


sync{ 5 12] | osc 


bo (TTL eo up] ¢ 
STsTB{ 47 10, | ¢2 
cnpo[ [8 91 | Yop 


RESET INPUT 


BLOCK DIAGRAM 


(15> XTALI 
OSCILLATOR Osc 
XTAL2 be 
fi3> TANK 
“4 {> 
°2 
op(TTLI[6 > 
[5 > syYNc o- STsT6 [7 > 
(2> RESIN 
SCHMITT 
INPUT RESET [1 > 
[3>> RDYIN READY [4 > 
PIN NAMES 
XTAL 1 _| | CONNECTIONS 


RESET OUTPUT 


READY INPUT | 
READY OUTPUT 
SYNC INPUT 
STATUS STB 
(ACTIVE LOW) 
8080 
CLOCKS 
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M8224 


ABSOLUTE MAXIMUM RATINGS* *COMMENT: Stresses above those listed under “Absolute 

Maximum Ratings’’ may cause permanent damage to the 
Temperature Under Bias......... . -55°Cto 125°C device. This is a stress rating only and functional opera- 
Storage Temperature ............ -65°C to 150°C tion of the device at these or any other conditions above 
Supply Voltage, Veg .. 1.2.2.0 e eee -0.5V to +7V those indicated in the operational sections of this specifi- 
Supply Voltage, Vpp .........---. -0.5V to +13.5V cation is not implied. Exposure to absolute maximum 
INDUt: VONAGE ..244ccawksécenundsoa -1.0V to +7V rating conditions for extended periods may affect device 
OUtpUt CUMENE ca aceasgteeeeoearawaee 100mA reliability. 


D.C. CHARACTERISTICS 
Ta = —55°C to 125°C; Voc = +5.0V 10%; Vop = +12V +10%. 


| wt Lage Gren 
Ye | ot Fomor cmp vote [ [Sr fv 
vu | topur"tow" Vote f+] SiC 


Vin Input “High” Voltage RESIN | 2.6 
All Other Inputs 2.0 


Test Conditions 


Ve = .45V 
VR = 5.5V 
Ic = -bmA 
Vec = 5.0V 


Output ‘’Low” Voltage OSC, 
o2 (TTL) 
All Other Outputs 


VoH Output “High” Voltage 
o1 $2 
READY, RESET 
OSC, ¢2 (TTL), STSTB 
Ips] Output Short Circuit Current 
(All Low <a Outputs Only) 


Note: 1. Caution, 64 and $9 output drivers do not have short circuit protection 


VoL 


< 


<<< 


Crystal Requirements 


Tolerance: .005% at -55°C to 125°C 
Resonance: Series (Fundamental) * 
Load Capacitance: 20-35pF 
Equivalent Resistance: 75-20 ohms 
Power Dissipation (Min): 4mW 


*With tank circuit use 3rd overtone mode. 


lo. = 10mA 
lo = 2.5mA 
lon = -100uA 
loo = -100uA 
loOH =-1ImA 
Vo = QV 
Vec = 5.0V 


M8224 


A.C. CHARACTERISTICS 
Veco = +5.0 +10%; Vpop = +12.0V +10%; Ty = —55°C to +125°C 


Limits 
Symbol Parameter Typ. 
is $1 Pulse Width aN 
| ; 5tcy 
to2 @2 Pulse Width 9 
cy 
9 


Test 
Conditions 


tp1 $1 to $2 Delay 

2t 
tp2 po to o; Delay ——* — 25ns 
tp3 $1 to $2 Delay ae 


tr $4 and $2 Rise Time 


C. = 20pF to 50pF 


“| 


| | 
on is) 
= 5 
a o 
Gj 
5 
< 
a 
> 
oS 
= 
o 


tr $1 and $5 Fall Time 

tpe2 $2 to 2 (TTL) Delay +15 @oTTL,CL=30pF 
R,=3002 
R2=6002 

toss 2 to STSTB Delay 


STSTB,CL=15pF 


tpw STSTB Pulse Width 9 


+ Oo) 
Q =P 
\2 o|8 
< 
| 
NO 
(ee) Ww 
3 © 
” ae] 
” 


2 
o|8 
< 


R, = 2K 
RDYIN Setup Time to Atcy R2 = 4K 
t 5Ons - ——. 
one Status Strobe = 9 
RDYIN Hold Time 4tcy 
tpRH — 
After STSTB 9 
READY or RESET to 4tcy 
t == 25s 
cd $9 Delay ies CL=10pF 
Ry=2K 
Ro=4Kk 
9 
Maximum Oscillating 
f 
Ci, Input Capacitance pF Vec=t5.0V 
Vpp =+12V 
Veias=2.5V 
f=1MHz 
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M8224 


WAVEFORMS 


P2(TTL) 


SYNC 
(FROM 8080A) 


$< $$ tps5 ——____________ —» tew 


torRH ae 


READY OUT 


— top ————__> 


RESET OUT \ 


VOLTAGE MEASUREMENT POINTS: $4, $9 Logic “0” = 1.0V, Logic ’’1" = 7.0V. READY, RESET Logic ’’0” = 0.8V, Logic ’'1”’ = 3.0V. 
All other signals measured at 1.5V. 


Example: 


A.C. CHARACTERISTICS ( For tcy = 488.28 ns.) 
Ta = —55°C to 125°C; Voc = +5.0V +10%; Vpop = +12V + 10% 


Limits 
. Test Conditions 


< 
x] 


Symbol Parameter | Min, | | Max. | 


C, =20 to 50pF 


tp3 Delay $1 to 69 Leading Edges 109 149 ns 
‘ Output Rise Time ns 
te Output Fall Time ns 
toss @2 to STSTB Delay 296 326 ns 
tpw Let L | ns Ready & Reset Loaded 
foes | -167 ae to 2mA/10pF 
tone RDYINHoldTimeafterSTSTB | 217 | | ns oe 
'DRH aa salle Ashes referenced to 1.5V 
tor READY or RESET ns unless specified 
to ¢2 Delay otherwise. 


2-29 


intel 
M8228 


SYSTEM CONTROLLER AND BUS DRIVER 
FOR M8080A CPU 


a Single Chip System Control for a User Selected Single Level Interrupt 
McS-80™ Systems Vector (RST 7) 


a 28-Pin Dual In-Line Package 
a Built-In Bidirectional Bus Driver for 


Data Bus Isolation = Reduces System Package Count 
a Full Military Temperature Range 
= Allows the Use of Multiple Byte — 55°C to +125°C. 
Instructions (e.g. CALL) for Interrupt 
Acknowledge a» +10% Power Supply Tolerance 


The Intel® M8228 is a single chip system controller and bus driver for MCS-80. It generates all signals required to 
directly interface MCS-80 family RAM, ROM, and I/O components. 


A bidirectional bus driver is included to provide high system TTL fan-out. It also provides isolation of the 8080 data bus 
from memory and I/O. This allows for the optimization of control signals, enabling the systems designer to use slower 
memory and I/O. The isolation of the bus driver also provides for enhanced system noise immunity. 


A user selected single level interrupt vector (RST 7) is provided to simplify real time, interrupt driven, small system re- 
quirements. The M8228 also generates the correct control signals to allow the use of multiple byte instructions (e.g., 
CALL) in response to an interrupt acknowledge by the M8080A. This feature permits large, interrupt driven systems to 
have an unlimited number of interrupt levels. 


The M8228 is designed to support a wide variety of system bus structures and also reduce system package count for 
cost effective, reliable, design of the MCS-80 systems. 


PIN CONFIGURATION BLOCK DIAGRAM 
— <— 0B, 
D, —» <— DB, 
a eo OE 
CPU Dates! BI-DIRECTIONAL a DB, 
mite D, BUS DRIVER D SYSTEM DATA BUS 
Ds a —— DB, 
Dg —> <— 0B, 
D, Sat << DB, 
DRIVER CONTROL 
MEM R 
STATUS . MEM W 
iiss (Seats) 
| catinc VOR 
ARRAY 
0 70 W 
STSTB 
DBIN o~<——— BUSEN 
WR 
HLDA INTA 
PIN NAMES 


INTERRUPT ACKNOWLEDGE 
~ HLDA (FROM 8080) 
_[ WR (FROM 8080) 
BUS ENABLE INPUT 


DATA BUS (8080 SIDE) 
DATA BUS (SYSTEM SIDE) 

17OR 1/0 READ 

1/OW 1/O WRITE 


MEMORY READ 
MEMORY WRITE 


DBIN DBIN (FROM 8080) 


“STATUS STROBE (FROM 8224) 
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M8228 


ABSOLUTE MAXIMUM RATINGS* *COMMENT.: Stresses above those listed under “Absolute 
Temperature Under Bias........... -55°C to 125°C soda ee ee mid huis aang pane 

, : device. This is a stress rating only and functional opera- 
Storage Temperature ............. “65 C to 150°C tion of the device at these or any other conditions above 
supply Voltage; Veg evra eenae ds -0.5V to +7V those indicated in the operational sections of this specifi- 
Input Voltage ...........000000 . -1.0Vto +7V cation is not implied. Exposure to absolute maximum 
Output Current...........00ccce cc eee 100mA rating conditions for extended periods may affect device 


reliability. 


D.C. CHARACTERISTICS Ty =-55°C to 125°C; Voc = 5V +10%. 


| Limits 
"a ee 
Input Load a LA 
Ee ee ee ea 
es ee Ve = 0.4V 
|Do,Di,DaDs,D7 | |_| 
aOterinpus Yim 
IR Input Leakage Current 
All Oterinputs———SSSdSS*dtCt0 
VoL Output Low Voltage, 
Do - D7 V lon =-10uUA 
lo (off) Off State Output Current, Pre 
All Controls Outputs UA Vo = 5.5V 
| ee ae 


Note 1: Typical values are for Ta = 25°C and nominal supply voltages. 
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M8228 


CAPACITANCE This parameter is periodically sampled and not 100% tested. 
Symbol Parameter | Min. | Typtt) | Max. | Unit 
Few Input Capectonce | | <8 | 12 | oF 


| Output Capacitance 
F 
|/O Capacitance 


TEST CONDITIONS: Vpias = 2.5V, Voc =5.0V, Ta = 25°C, f = 1MHz. 


Note 2: For Dg-D7: Rq = 4KQ, R2= 2, Vee 
Cy = 25pF. For all other outputs: TEST CIRCUIT |?) 


Ry = 5002, Ro = 1K, Cy = 100pF. A 


1KQ +10% 


a 
sit, i 
Ti ne Figure 1. INTA Test Circuit (for RST 7) 


A.C. CHARACTERISTICS Ty =-55°C to 125°C; Vee = 5V +10%. 


Symbol Parameter Condition 
tpw Width of Status Strobe 


San i AC 

tsH Hold Time, Status Inputs Do-D7 | 5 ff ons 

toc Delay from STSTB to any Control Signal | 20] 75 | ns C. = 100pF 

trR Delay from DBIN to Control Outputs | | 30] ons | C. = 100pF 

twR Delay from WR to Control Outputs | 5 | 60 | ns | C. = 100pF 
__twe Delay to Enable System Bus DBg-DB7 after STSTB | | 30 | ons | CL = 100pF 


two Delay from 8080 Bus Dg-D7 to System Bus ciel C_ = 100pF 


DBoy-DB7 during Write 


te Delay from System Bus Enable to System Bus DBg-DB7 | | 30 | ons CL = 100pF 
tup HLDA to Read Status Outputs | | 25 | ons C, = 100pF 
tps Setup Time, System Bus Inputs to HLDA | 10 | Fons | 


ton Hold Time, System Bus Inputs to HLDA | 20} | ons 


M8228 


M8080A 
CPU 


M8228. 
BIDIRECTIONAL 
BUS DRIVER 


DATA BUS 


(FROM 8224) STATUS STROBE MEM W [- CONTROL BUS 


BUSEN 


Figure 2. M8080A CPU Interface 


TYPE OF MACHINE CYCLE 


tole} o ole ee ere 
ofofoli}o ta 

Pwo Tt tt pot a fott tots ta dt 
be} stack 9 fo ot 0 a) OLD ie 4 


| Da Le.) 
Os | Mi Sees Ear 
| Oe | INP 


D7 |_MEMR _| 
| 

| INTA 

| | (NONE) 
INTA 
/OW 
1/0 R CONTROL 
MEMW | SIGNALS 
MEM R 


Figure 3. Status Word Chart 
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M8228 


WAVEFORMS 


4 


STATUS STROBE 


8080 DATA BUS eit 


DBIh 


INTA, IOR, MEMR i 
toc 


HLDA 
<= tho 
INTA, |OR, MEMR 
DURING HLDA 
SYSTEM BUS DURING READ =e _ _ | Can. Sees lace lee ese cm ees ee es eee 
8080 BUS DURING READ: — — — — — — — <<< aa Ga - ate ee gee ee et 


wR 
twr <— _ twr 


iOW OR MEM W 


8080 BUS DURING WRITE 
two: 


SYSTEM BUS DURING WRITE 


SYSTEM BUS ENABLE 
SYSTEM BUS OUTPUTS — — — — — —~ —~ —~ — —~ ~~ ~~ < at Ses ae “aca Re i a a as os 


VOLTAGE MEASUREMENT POINTS: Do-D7 (when outputs) Logic “0” = 0.8V, Logic ‘1 = 3.0V. All other signals measured 
at 1.5V. 
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in 


Ms085A 
SINGLE CHIP 8-BIT N-CHANNEL MICROPROCESSOR 


@ Single +5V Power Supply @ Four Vectored Interrupt Inputs (One is 


non-Maskable) Plus an 8080A- 
@ 100% Software Compatible with 8080A compatible interrupt 


M@ 1.3 us Instruction Cycle 


@ On-Chip Clock Generator (with External 
Crystal, LC or RC Network) @ Decimal, Binary and Double Precision 


Arithmetic 


@ Serial In/Serial Out Port 


@ On-Chip System Controller; Advanced 
Cycle Status Information Available for @ Direct Addressing Capability to 64k 
Large System Control Bytes of Memory 


The Intel® M8085A is a complete 8-bit parallel Central Processing Unit (CPU). Its instruction set is 100% software 
compatible with the 8080A microprocessor, and it is designed to improve the present 8080A’s performance by higher 
system speed. 

‘The M8085A incorporates all of the features that the 8224 (clock generator) and 8228 (system controller) provided for the 
8080A, thereby offering a high level of system integration. 


The M8085A uses a multiplexed data bus. The address is split between the 8-bit address bus and the 8-bit data bus. 


INTA RST 6.5 TRAP 
INTR RST 5.5 RST7.5 SID SoD 
INTERRUPT CONTROL SERIAL 1/0 CONTROL 
[ 8-BIT INTERNAL DATA BUS | 


INSTRUCTION 
REGISTER (8) 


INSTRUCTION D (8) 
DECODER ee 


REGISTER 
ARRAY 


AND 
MACHINE 
CYCLE 


ENCODING (16) 
STACK POINTER 


POWER | —> +5V 
INCREMENTER/DECREMENTER 
SUPPLY |—» GND ADDRESS LATCH (16) 


TIMING AND CONTROL | | 


X; ADDRESS BUFFER m DATA/ADDRESS BUFFER © 


X2 CONTROL STATUS DMA ——— i) 


CLK OUT RD WR ALE SoS, 10/M HLDA RESET OUT 
READY HOLD RESET IN A1s-Ag AD7-ADo 
ADDRESS BUS ADDRESS/DATA BUS 


Figure 1. M8085A CPU Functional Block Diagram. 
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M8085A 


Vcc 
HOLD 
RESET OUT HLDA 
SOD CLK (OUT) 
SID RESET IN 
TRAP READY 
RST 7.5 10/M 
RST 6.5 $1 
RST 5.5 RD 
INTR WR 
INTA ALE 
ADo So 
AD} A15 
AD2 A14 
AD3 A13 
AD4 A12 
AD5 Ait 
AD6 A10 
AD7 Ag 
Vss Ag 


Figure 2. M8085A Pinout Diagram 


M8085A FUNCTIONAL PIN DESCRIPTION 


The following describes the function of each pin: 


Symbol 
As-Ai5 
(Output, 3-state) 


ADo-7 
(Input/Output, 
3-state) 


ALE 
(Output) 


So, $1, and 10/M 
(Output) 


Function 


Address Bus: The most significant 8 
bits of the memory address or the 8 
bits of the I/O address, 3-stated dur- 
ing Hold and Halt modes and during 
RESET. 


Multiplexed Address/Data Bus: Low- 
er 8 bits of the memory address (or 
1/O address) appear on the bus dur- 
ing the first clock cycle (T state) of a 
machine cycle. It then becomes the 
data bus during the second and third 
clock cycles. 


Address Latch Enable: It occurs dur- 
ing the first clock state of a machine 
cycle and enables the address to get 
latched into the on-chip latch of pe- 
ripherals. The falling edge of ALE is 
set to guarantee setup and hold times 
for the address information. The fall- 
ing edge of ALE can also be used to 
strobe the status information. ALE is 
never 3-stated. 


Machine cycle status: 

10/M S: So Status 

Memory write 
Memory read 
1/O write 

|/O read 
Opcode fetch 
Interrupt Acknowledge 
Halt 

Hold 

Reset 

= 3-state (high impedance) 
X = unspecified 


*_—_O-r 4 OO 


«Kx «KO = O- 0 
«Kx «Ko -=-0-0-4 


* 


Symbol 


RD 
(Output, 3-state) 


WR 
(Output, 3-state) 


READY 
(Input) 


HOLD 


(Input) 


HLDA 


(Output) 


INTR 
(Input) 
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Function 


S1 can be used as an advanced R/W 
status. |O/M,So and Si become valid 
at the beginning of a machine cycle 
and remain stable throughout the 
cycle. The falling edge of ALE may be 
used to latch the state of these lines. 


READ control: A low level on RD in- 
dicates the selected memory or I/O 
device is to be read and that the Data 
Bus is available for the data transfer, 
3-stated during Hold and Halt modes 
and during RESET. 


WRITE control: A low level on WR in- 
dicates the data on the Data Bus is to 
be written into the selected memory 
or I/O location. Data is set up at the 
trailing edge of WR. 3-stated during 
Hold and Halt modes and during 
RESET, 


If READY is high during areadorwrite 
cycle, it indicates that the memory or 
peripheral is ready to send or receive 
data. If READY is low, the cpu will 
wait an integral number of clock 
cycles for READY to go high before 
completing the read or write cycle. 


HOLD indicates that another master 
is requesting the use of the address 
and data buses. The cpu, upon re- 
ceiving the hold request, will re- 
linquish the use of the bus as soon as 
the completion of the current bus 
transfer. Internal processing can con- 
tinue. The processor can regain the 
bus only after the HOLD is removed. 
When the HOLD is acknowledged, the 
Address, Data, RD, WR, and 1O/M 
lines are 3-stated. 


HOLD ACKNOWLEDGE: Indicates 
that the cpu has received the HOLD 
request and that it will relinquish the 
bus in the next clock cycle. HLDA 
goes low after the Hold request is 
removed. The cpu takes the bus one 
half clock cycle after HLDA goes low. 


INTERRUPT REQUEST: is used as a 
general purpose interrupt. It is sam- 
pled only during the next to the last 
clock cycle of an instruction and dur- 
ing Hold and Halt states. If it is active, 
the Program Counter (PC: will be in- 
hibited from incrementing and an 
INTA will be issued. During this cycle 
a RESTART or CALL instruction can 
be inserted to jump to the interrupt 
service routine. The INTR is enabled 
and disabled by software. It is dis- 
abled by Reset and immediately after 
an interrupt is accepted. 


M8085A 


M8085A FUNCTIONAL PIN DESCRIPTION (Continued) 


Symbol 


INTA 
(Output) 


RST 5.5 
RST 6.5 
RST 7.5 
(Inputs) 


TRAP 
(Input) 


RESET IN 


(Input) 


NOTES: 


Function 


INTERRUPT ACKNOWLEDGE: Is 
used instead of (and has the same 
timing as) RD during the Instruction 
cycle after an INTR is accepted. It can 
be used to activate the 8259 Interrupt 
chip or some other interrupt port. 


RESTART INTERRUPTS: These three 
inputs have the same timing as INTR 
except they cause an internal RE- 
START to be automatically inserted. 


The priority of these interrupts is 
ordered as shown in Table 1. These 
interrupts have a higher priority than 
INTR. In addition, they may be indi- 
vidually masked out using the SIM 
instruction. 


Trap interrupt is a nonmaskable RE- 
START interrupt. It is recognized at 
the same time as INTR or RST 5.5-7.5. 
It is unaffected by any mask or Inter- 
rupt Enable. It has the highest priority 
of any interrupt. (See Table 1.) 


Sets the Program Counter to zero and 
resets the Interrupt Enable and HLDA 
flip-flops. The data and address buses 
and the control lines are 3-stated dur- 
ing RESET and because of the asyn- 
chronous nature of RESET, the pro- 
cessor’s internal registers and flags 
may be altered by RESET with unpre- 
dictable results. RESET IN isa 


Symbol 


RESET OUT 
(Output) 


X1, X2 
(Input) 


CLK 
(Output) 


SID 
(Input) 


SOD 
(Output) 


Voc 
Vss 


Function 


Schmitt-triggered input, allowing 
connection to an R-C network for 
power-on RESET delay. The cpu is 
held in the reset condition as long as 
RESET IN is applied. 


Indicates cpu is being reset. Can be 
used as a system reset. The signal is 
synchronized to the processor clock 
and lasts an integral number of clock 
periods. 


Xi and X2 are connected to a crystal, 
LC, or RC network todrive the internal 
clock generator. X1 can also be an 
external clock input from a logic gate. 
The input frequency is divided by 2 to 
give the processor’s internal oper- 
ating frequency. 


Clock Output for use as a system 
clock. The period of CLK is twice the 
X1, X2 input period. 


Serial input data line. The data on this 
line is loaded into accumulator bit 7 
whenever a RIM instruction is exe- 
cuted. 


Serial output data line. The output 
SOD is set or reset as specified by the 
SIM instruction. 


+5 volt supply. 
Ground Reference. 


TABLE 1. INTERRUPT PRIORITY, RESTART ADDRESS, AND SENSITIVITY 


Address Branched To (1) 
When Interrupt Occurs 


Type Trigger 


(1) The processor pushes the PC on the stack before branching to the indicated address. | 
(2) The address branched to depends on the instruction provided to the cpu when the interrupt is 


acknowledged. 


M8085A 


FUNCTIONAL DESCRIPTION 


The M8085A is a complete 8-bit parallel central processor. 
It is designed with N-channel depletion loads and requires 
a single +5 volt supply. Its basic clock speed is 3 MHz, thus 
improving on the present 8080A’s performance with 
higher system speed. Also it is designed to fit into a 
minimum system of three IC’s: The CPU (8085A), a 
RAM/IO (8156), and a ROM or EPROM/IO chip (8355 or 
8755A). 


The M8085A has twelve addressable 8-bit registers. Four 
of them can function only as two 16-bit register pairs. Six 
others can be used interchangeably as 8-bit registers or as 
16-bit register pairs. The M8085A register set is as follows: 


Mnemonic Register Contents 
ACC orA Accumulator 8 bits 
PC Program Counter 16-bit address 
BC,OE.AL General-Purpose 8 bits x 6 or 
Registers; data 16 bits x 3 
pointer (HL) 
SP Stack Pointer 16-bit address 
Flags or F Flag Register 5 flags (8-bit space) 


The M8085A uses a multiplexed Data Bus. The address is 
split between the higher 8-bit Address Bus and the lower 
8-bit Address/Data Bus. During the first T state (clock 
cycle) of a machine cycle the low order address is sent 
out on the Address/Data bus. These lower 8 bits may be 
latched externally by the Address Latch Enable signal 
(ALE). During the rest of the machine cycle the data bus is 
used for memory or I/O data. 


The M8085A provides RD, WR, So, $1, and 1O/M signals for 
bus control. An Interrupt Acknowledge signal (INTA) is 
also provided. HOLD, READY, and all Interrupts are 
synchronized with the processor’s internal clock. The 
M8085A also provides Serial Input Data (SID) and Serial 
Output Data (SOD) lines for simple serial interface. 


In addition to these features, the M8085A has three mask- 
able, vector interrupt pins and one nonmaskable TRAP 
interrupt. 


INTERRUPT AND SERIAL I/O 


The M8085A has 5 interrupt inputs: INTR, RST 5.5, 
RST 6.5, RST 7.5, and TRAP. INTR is identical in function 
to the 8080A INT. Each of the three RESTART inputs, 5.5, 
6.5, and 7.5, has a programmable mask. TRAP is also a 
RESTART interrupt but it is nonmaskable. 


The three maskable interrupts cause the internal execu- 
tion of RESTART (saving the program counter in the stack 
and branching to the RESTART address) if the interrupts 
are enabled and if the interrupt mask is not set. The non- 
maskable TRAP causes the internal execution of a 
RESTART vector independent of the state of the inter- 
rupt enable or masks. (See Table 1.) 


There are two different types of inputs in the restart in- 
terrupts. RST 5.5 and RST 6.5 are high /evel-sensitive like 
INTR (and INT on the 8080) and are recognized with the 
same timing as INTR. RST 7.5 is rising edge-sensitive. 


For RST 7.5, only a pulse is required to set an internal 
flip-flop which generates the internal interrupt request. 
(See Section 2.2.7.) The RST 7.5 request flip-flop remains 


set until the request is serviced. Then it is reset auto- 
matically. This flip-flop may also be reset by using the 
SIM instruction or by issuing a RESET IN to the M8085A. 
The RST 7.5 internal flip-flop will be set by a pulse on the 
RST 7.5 pin even when the RST 7.5 interruptis masked out. 


The status of the three RST interrupt masks can only be 
affected by the SIM instruction and RESET IN. (See SIM, 
Chapter 4.) 


The interrupts are arranged in a fixed priority that deter- 
mines which interrupt is to be recognized if more than 
one is pending as follows: TRAP — highest priority, 
RST 7.5, RST 6.5, RST 5.5, INTR — lowest priority. This 
priority scheme does not take into account the priority 
of a routine that was started by a higher priority interrupt. 
RST 5.5 can interrupt an RST 7.5 routine if the interrupts 
are re-enabled before the end of the RST 7.5 routine. 


The TRAP interrupt is useful for catastrophic events such 
as power failure or bus error. The TRAP input is recog- 
nized just as any other interrupt but has the highest 
priority. It is not affected by any flag or mask. The TRAP 
input is both edge and level sensitive. The TRAP input 
must go high and remain nigh until it is acknowledged. 
It will not be recognized again until it goes low, then high 
again. This avoids any false triggering due to noise or 
logic glitches. Figure 3 illustrates the TRAP interrupt 
request circuitry within the M8085A. Note that the 
servicing of any interrupt (TRAP, RST 7.5, RST 6.5, RST 
5.5, INTR) disables all future interrupts (except TRAPs) 
until an El instruction is executed. 


INSIDE THE M8085A 


EXTERNAL 
TRAP 
INTERRUPT 
REQUEST 


RESET IN 


INTERRUPT 
REQUEST 


TRAP F.F, 


INTERNAL 
TRAP 


ACKNOWLEDGE 


Figure 3. TRAP and RESET IN Circuit 


The TRAP interrupt is special in that it disables interrupts, 
but preserves the previous interrupt enable status. Per- 
forming the first RIM instruction following a TRAP inter- 
rupt allows you to determine whether interrupts were 
enabled or disabled prior to the TRAP. All subsequent 
RIM instructions provide current interrupt enable status. 
Performing a RIM instruction following INTR, or RST 
9.9-7.5 will provide current Interrupt Enable status, 
revealing that Interrupts are disabled. See the descrip- 
tion of the RIM instruction in Chapter 4. 

The serial 1/O system is also controlled by the RIM and 


SIM instructions. SID is read by RIM, and SIM sets the 
SOD data. 


M8085A 


BASIC SYSTEM TIMING 


The M8085A has a multiplexed Data Bus. ALE is used asa 
strobe to sample the lower 8-bits of address on the Data 
Bus. Figure 4 shows an instruction fetch, memory read 
and I/O write cycle (as would occur during processing of 
the OUT instruction). Note that during the I/O write and 
read cycle that the I/O port address is copied on both the 
upper and lower half of the address. 


There are seven possible types of machine cycles. Which 
of these seven takes place is defined by the status of the 
three status lines (IO/M, S1, So) and the three control 
signals (RD, WR, and INTA). (See Table 2.) The status 
lines can be used as advanced controls (for device selec- 
tion, for example), since they become active at the 71 
state, at the outset of each machine cycle. Control lines 
RD and WR become active later, at the time when the 
transfer of data is to take place, so are used as command 
lines. 


A machine cycle normally consists of three T states, with 
the exception of OPCODE FETCH, which normally has 
either four or six T states (unless WAIT or HOLD states 
are forced by the receipt of READY or HOLD inputs). Any 
T state must be one of ten possible states, shown in 
Table 3. 


TABLE 2. M8085A MACHINE CYCLE CHART 


MACHINE CYCLE 


OPCODE FETCH {OF} 
MEMORY READ _ (MR) 
MEMORY WRITE (MW) 
(10R) 
(lOW) 


1/O READ 
1/O WRITE 


ACKNOWLEDGE 


OF INTR 
BUS IDLE 


Machine 
State 


TWAIT 
T3 

T4 

T5 

Té 
TRESET 
THALT 


THOLD 


0 = Logic *‘0” 
1 = Logic 1” 


(INA) 
(Bl): 


x ~ 


x OK - - KK 


DAD 

ACK. OF 
RST,TRAP 
HALT 


QoOoaoooeo0o0o06€UCc[808d8CUmUDmUmUmUlUmUDlUlUm 


TS = High Impedance 
X = Unspecified 


* ALE not generated during 2nd and 3rd machine cycles of DAD instruction. 
+t 10/M = 1 during T4-Tg of INA machine cycle. 


CLK 
Ag-Aas 
(LOW ORDER BATRA 
ADDRESS) EOL 


(INSTRUCTION) 
ALE 
. TT 
wR 
10/M 


DATA FROM MEMORY 
(1/0 PORT ADDRESS) 


10 PORT 


DATA TO MEMORY 
OR PERIPHERAL 


— 
— 


STATUS P $,S9 (FETCH) b. 10 (READ) yh 01 WRITE » "1 


Figure 4. M8085A Basic System Timing 
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M8085A 


TABLE 4. ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias...... —55°C to +125°C 
Storage Temperature.............. —65°C to +150°C 
Voltage on Any Pin 

With Respect to Ground............ 
Power Dissipation 


—0.5V to +7V 
1.5 Watt 


TABLE 4. D.C. CHARACTERISTICS 


“COMMENT 


Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is astress rating only and functional 
operation of the device at these or any other conditions above those 
indicated in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods 
may affect device reliability. 


(TA = -55°C to +125°C; Voc = 5V +10%; Vss = OV; unless otherwise specified) 


Symbol [Parameter [Min 
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| Max. Test Conditions 


Re ! lon = ~400uA 
Mine “ce 
0.45V < Vour < Voc 


m 

mM 

v1 
V 
V 


A 
A 
A 

V 


M8085A 


TABLE 5. A.C. CHARACTERISTICS 
Ta = -55°C to +125°C, Voc = 5V +10%; Vss = OV 


Symbol Parameter ms085A'2! Units 


icyc CLK Cycle Period ns 
t1 CLK Low Time ns 
to CLK High Time ns 
tr, tr CLK Rise and Fall Time ns 
tXKR X1 Rising to CLK Rising ns 
tXKF X1 Rising to CLK Falling ns 
tac As-15 Valid to Leading Edge of Control!"! ns 
tACL Ao-7 Valid to Leading Edge of Control ns 
taD Ao-15 Valid to Valid Data In ns 
tAFR Address Float After Leading Edge of ns 
READ (INTA) 
tAL As-15 Valid Before Trailing Edge of ALE!!! ns 
tALL Ao-7 Valid Before Trailing Edge of ALE ns 
taRY READY Valid from Address Valid ns 
tcA Address (Ag-A15) Valid After Control ns 
tcc Width of Control Low (RD, WR, INTA) ns 
Edge of ALE 
en Trailing Edge of Control to Leading Edge of | ns 
ALE 
tow Data Valid to Trailing Edge of WRITE ns 
tHABE HLDA to Bus Enable ns 
tHABF Bus Float After HLDA ns 
tHACK HLDA Valid to TRailing Edge of CLK ns 
tHDH HOLD Hold Time ns 
tHDS HOLD Setup Time to Trailing Edge of CLK ns 
tINH INTR Hold Time ns 
tiNS INTR, RST, and TRAP Setup Time to ns 
Falling Edge of CLK 
tLa Address Hold Time After ALE ns 
tLc Trailing Edge of ALE to Leading Edge ns 
of Control 
tLcK ALE Low During CLK High ns 
tLDR ALE to Valid Data During Read ns 
tLDw ALE to Valid Data During Write ns 
tLL ALE Width ns 


tLRY ALE to READY Stable ns 
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M8085A 


TABLE 5. A.C. CHARACTERISTICS (Cont.) 


Parameter 


Trailing Edge of READ to Re-Enabling 
of Address 


tRD READ (or INTA) to Valid Data 

trv Control Trailing Edge to Leading Edge 
of Next Control 

tRDH Data Hold Time After READ INTA /”! 

tRYH READY Hold Time 

tRYS READY Setup Time to Leading Edge 
of CLK 

two Data Valid After Trailing Edge of WRITE 


LEADING Edge of WRITE to Data Valid 


Notes: a 
1. Ag-A1s address Specs apply to 1O/M, So, and S1 except Ag-A15 are undefined during T4-Te of OF cycle whereas |IO/M, So, and 
S1 are stable. 
2. Test conditions: tcyc = 320ns; CL = 150pF. 
3. For all output timing where C_ = 150pF use the following correction factors: 
25pF < CL < 150pF: -0.10 ns/pF 
150pF < CL < 300pF: +0.30 ns/pF 
. Output timings are measured with purely capacitive load. 
. All timings are measured at output voltage VL = 0.8V, VH = 2.0V, and 1.5V with 20ns rise and fall time on inputs. 
. To calculate timing specifications at other values of tcyc use Table 6. 
. Data hold time is guaranteed under all loading conditions. 


NOM 
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M8085A 


TABLE 6. BUS TIMING SPECIFICATION AS A Tcyc DEPENDENT 


M8085A 


(1/2) T - 60 
(1/2) T - 20 


t 

t 

t 
WwW 

t 


a ~ - MIN 
LA a - MIN 
" — - MIN 

= - MIN 

gs 2 MIN 

tic — (1/2) T - 60 MIN 

3 — (1/2) T- 80 MIN 
MAX 


oe — (4/2) T- 180 
NOTE: N is equal to the total WAIT states. 
Te4teve. 


1 INPUT 


CLK y N 
OUTPUT 


txxr |<+— a, ee 


Figure 5. Clock Timing Waveform 
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M8085A 


Read Operation 


CLK 


Ag-Ais 


ALE 


RD/INTA 


Write Operation | 


CLK 


kK tick- 
t 
-— tLow me 
M__—rovness = x 
AD,-AD ( ADDRE ( DATA OUT y 
oo“? J | = t FY 


tow 


ALE 


Read operation with Wait Cycle (Typical) — same READY timing applies to WRITE operation. 
| TY | To | Twalt | iT. | ; 
CLK 


—— tick — 


ae aa 
-——+—__, 
Se a / 


ES 


> 


— a Pee _ 


RD/INTA 


READY 


Figure 6. M8085A Bus Timing, With and Without Wait 
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M8085A 


Hold Operation 


- ome: 


wos Lt 


HLDA 
4 


THotp T HOLD T, 


Figure 7. M8085A Hold Timing 


cau —_ ( _ 
om BUS FLOATING* 


tHABE 
ne ees 
INTR; 7, 7 / 
eae 


_ i 


"HABE *10/M IS ALSO FLOATING DURING THIS TIME. 


Figure & M8085A Interrupt and Hold Timing 
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intel PRELIMINARY 


M8155 
2048 BIT STATIC MOS RAM WITH !/O PORTS AND TIMER 


= Military Temperature Range Operation @ 2 Programmable 8 Bit I/O Ports 


(-55°C TO +125°C) @ 1 Programmable 6-Bit I/O Port 
@ 256 Word x 8 Bits @ Programmable 14-Bit Binary Counter/ 
@ Single +5V Power Supply Timer 
= Completely Static Operation @ Multiplexed Address and Data Bus 
M@ Internal Address Latch @ 40 Pin DIP 


The M8155 is a RAM and I/O chip to be used in the MCS-85™ microcomputer system. The RAM portion is designed with 
2048 static cells organized as 256 x 8. It has a maximum access time of 400 ns to permit use with no wait states in the 8085A 
CPU. 

The !/O portion consists of three general purpose |/O ports. One of the three ports can be programmed to be status pins, 
thus allowing the other two ports to operate in handshake mode. 


A 14-bit programmable counter/timer is also included on chip to provide either a square wave or terminal count pulse for 
the CPU system depending on timer mode. 


PIN CONFIGURATION BLOCK DIAGRAM 


PC, 

PC, 
TIMER IN 
RESET 
PC. 
TIMER OUT 
10/M 

CE 

RD 

wR 

ALE 


256 X 8 
STATIC 
RAM 


1 

2 
3 
4 
5 
6 
7 
8 
9 


TIMER el 


TIMER OUT 


Vee (*5V) 
Veg (OV) - 
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M8155 PIN FUNCTIONS 


Symbol Function Symbol Function Pa oe, 
RESET Pulse provided by the 8085A to ini- ALE Address Latch Enable: This control 
‘input: tialize the system (connect to 8085A (input) signal latches both the address on the 
RESET OUT). Input high on this line ADo-7 lines and the state of the Chip ~ 
resets the chip and initializes the Enable and IO/M into the chip at the 
three I/O ports to input mode. The falling edge of ALE. 
width of RESET pulse should typically 10/M Selects memory if low and |/O and 
be two 8085A clock cycle times. ‘input command/status registers if high. 
ADo-7 page ant aie lines a PAo-7(8) These 8 pins are general purpose I/O 
(input) . vy a dig aut “bit Ad- ‘input/output pins. The in/out direction is selected 
ress ata us. The 8-bit address is by programming the command 
latched into the address latch inside register 
the M8155 on the falling edge of ALE. _ 
The address can be either for the PBo-7(8) These 8 pins are general purpose |/O 
memory section or the I/O section (input/output) pins. The in/out direction is selected 
depending on the 1O/M input. The 8- ey earn, ie “Eemimene 
bit data is either written into the chip register. 
or read from the chip, depending on PCo-516) These 6 pins can function as either 
the WR or RD input signal. (input/output) input port, output port, or as control 
CE Chip Enable: On the M8155, this pinis signals for PA and PB. Programming 
(input) CE and is ACTIVE LOW. is done through the command reg- 
= a ister. When PCo-s are used as control 
RD Read control: Input low on this line signals, they will provide the fol- 
(input) with the Chip Enable active enables lowing: 
and ADo-7 buffers. if |O/M pin is low, PCo — A INTR (Port A Interrupt) 
the RAM content will be read out to PC; — ABF (Port A Buffer Full) 
the AD bus. Otherwise the content PCo — A STB (Port A Strobe: 
of the selected I/O port or command/ PC3 — B INTR (Port B Interrupt) 
status registers will be read to the PC, — B BF (Port B Buffer Full) 
_ neenus: PCs — B STB (Port B Strobe: 
WR Write control: Input low on this line TIMER IN Input to the counter-timer. 
(input) with the Chip Enable active causes ‘input! 
the data on the Address/Data bus to eet tgs 
be written to the RAMor I/O ports and TIMER OUT Timer output. This output can be 
command/status register depending (Output) either a square wave or a pulse de- 
on 1O/M. pending on the timer mode. 
Voc +5 volt supply. 
Vss Ground Reference. 
DESCRIPTION 


The M8155 contains the following: 
e 2k Bit Static RAM organized as 256 x 8 


© Two 8-bit |/O ports 'PA &PB: andone€é-bit |/O port: PC: 


e 14-bit timer-counter 


The 1O/M ‘1O/Memory Select: pin selects either the five 
registers ‘Command, Status, PAo--7, PBo-7, PCo-5: or 


the memory ‘RAM: portion. ‘See Figure 1.: 


The 8-bit address on the Address/Data lines, Chip Enable 
input CE or CE, and IO/M are all latched on-chip at the 


falling edge of ALE. 
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COMMAND 
STATUS 


8-BIT INTERNAL DATA BUS 


Figure 1. M8155 Internal Registers 


M8155 


PROGRAMMING OF THE 
COMMAND REGISTER 


The command register consists of eight latches. Four 
bits (0-3) define the mode of the ports, two bits (4-5) 
enable or disable the interrupt from port C when it acts 
as control port, and the last two bits (6-7) are for the timer. 


The command register contents can be altered at any 
time by using the I/O address XXXXX000 during a WRITE 
operation with the Chip Enable active and 1O/M = 1. The 
meaning of each bit of the command byte is defined in 
Figure 2. The contents of the command register may never 
be read. 


7 #66 5 4 3 2 1 0 
[Tw2] Tm] ree] vel Pca] #cs] Pe] PA 


DEFINES PAg7 
0 = INPUT 

= OUTPUT 
DEFINES PBg., | | ~ OUTPU 

00 = ALT 1 
DEFINES PCos = a ; 

10= ALT 4 
ENABLE PORT A 
INTERRUPT 1 = ENABLE 
ENABLE PORT B 0 = DISABLE 


INTERRUPT 


NOP — DO NOT AFFECT COUNTER 
OPERATION 


STOP — NOP IF TIMER HAS NOT STARTED; 
STOP COUNTING IF THE TIMER ([S 
RUNNING 


STOP AFTER TC — STOP IMMEDIATELY 
AFTER PRESENT TC IS REACHED (NOP 
IF TIMER HAS NOT STARTED) 


START — LOAD MODE AND CNT LENGTH 
AND START IMMEDIATELY AFTER 
LOADING (IF TIMER IS NOT PRESENTLY 
RUNNING). IF TIMER 1S RUNNING, START 
THE NEW MODE AND CNT LENGTH 
IMMEDIATELY AFTER PRESENT TC 

IS REACHED. 


TIMER COMMAND 


Figure 2. Command Register Bit Assignment 


aan 


for 


status of the timer. 


The status of the timer and the I/O section can be polled’ - 
by reading the Status Register (Address XXXXX000). 
Status word format is shown in Figure 3. Note that you 
may never write to the status register since the command 
register shares the same I/O address and the command 
register is selected when a write to that address is issued. 


AD7 ADg ADs ADg AD3 AD2 AD; ADg 


4 INTE] B JINTRIINTE INTR 
TIMER 
OX B | BF] B A A 


PORT A INTERRUPT REQUEST 


PORT A BUFFER FULL/EMPTY 
(INPUT/OUTPUT) 


PORT A INTERRUPT ENABLE 
PORT B INTERRUPT REQUEST 


PORT B BUFFER FULL/EMPTY 
(INPUT/OUTPUT) 


PORT B INTERRUPT ENABLED 


> TIMER INTERRUPT (THIS BIT 
IS LATCHED HIGH WHEN 
TERMINAL COUNT IS 
REACHED, AND IS RESET TO 
LOW UPON READING OF THE 
C/S REGISTER AND BY 
HAROWARE RESET). 
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Figure 3. Status Register Bit Assignment 


M8155 


INPUT/OUTPUT SECTION 


The 1/O section of the M8155 consists of five registers: 
(See Figure 4.) 


e Command/Status Register (C/S) — Both registers are 
assigned the address XXXXX000. The C/S address 
serves the dual purpose. 


When the C/S registers are selected during WRITE 
operation, a command is written into the command 
register. The contents of this register are not accessible 
through the pins. 


When the C/S (XXXXX000) is selected during a READ 
operation, the status information of the !/O ports and 
the timer becomes available on the ADo-7 lines. 


PA Register — This register can be programmed to be 
either input or output ports depending on the status of 
the contents of the C/S Register. Also depending on 
the command, this port can operate in either the basic 
mode or the strobed mode (See timing diagram). The 
I/O pins assigned in relation to this register are PAo-7. 
The address of this register is XXXXX001. 


e PB Register — This register functions the same as PA 
Register. The I/O pins assigned are PBo-7. The address 
of this register is XXXXX010. 


e PC Register — This register has the address XXXXX011 
and contains only 6 bits. The 6 bits can be program- 
med to be either input ports, output ports or as control 
signals for PA and PB by properly programming the 
AD2 and AD3 bits of the C/S register. 


When PCo-5 is used as a control port, 3 bits are 
assigned for Port A and 3 for Port B. The first bit is an 
interrupt that the M8155 sends out. The second is an 
output signal indicating whether the buffer is full or 
empty, and the third is an input pin to accept a strobe 
for the strobed input mode. (See Table 1.) 


When the ‘C’ port is programmed to either ALT3 or ALT4, 
the control signals for PA and PB are initialized as follows: 


CONTROL INPUT MODE OUTPUT MODE 


BF Low Low 


INTR Low High 


STB Input Control Input Control 


1/O ADDRESS*t 


SELECTION 


Interval Command/Status Register 
General Purpose | O Port A 
General Purpose |.O Port B 
Port C — General Purpose | O or Control 
Low-Order 8 bits of Timer Count 

High 6 bits of Timer Count and 2 bits 

of Timer Mode 


X: Don't Care. _ 
t: 1/O Address must be qualified by CE = 0 (M8155) and |O/M = 1 in order to select the 
appropriate register. 


Figure 4. 1/O Port and Timer Addressing Scheme 


Figure 5 shows how I/O PORTS A and B are structured 
within the M8155: 


M8155 
ONE BIT OF PORT A OR PORT B 


OUTPUT 
LATCH 
OD 


CLK CLR 
OUTPUT 


ENABLE 


MODE(4) 


INTERNAL DATA BUS 


READ PORT 


NOTES: 
(1) OUTPUT MODE f 


(4) = 1 FOR OUTPUT MODE 


mit ELESER = 0 FOR INPUT MODE 


CONTROL 


(2) SIMPLE INPUT 
(3) STROBED INPUT 
READ PORT = (10/M=1) ¢ (RD=0) (CE ACTIVE) « (PORT ADDRESS SELECTED) 

WRITE PORT = (10/M=1) © (WR=0) ¢ (CE ACTIVE) ¢ (PORT ADDRESS SELECTED) 


Figure 5. M8155 Port Functions 
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M8155 


Input Port Output Port 


Input Port Output Port 
Input Port Output Port 
Input Port Output Port 
Input Port Output Port 


Input Port Output Port 


Note in the diagram that when the I/O ports are pro- 
grammed to be output ports, the contents of the output 
ports can still be read by a READ operation when appro- 
priately addressed. 


The outputs of the M8155 are “glitch-free” meaning that 
you can write a‘‘1” to a bit position that was previously “1” 
and the level at the output pin will not change. 


Note also that the output latch is cleared when the port 
enters the input mode. The output latch cannot be loaded 
by writing to the port if the port is in the input mode. The 
result is that each time a port mode is changed from input 
to output, the output pins will go low. When the M8155 is 
RESET, the output latches are all cleared and all 3 ports 
enter the input mode. 


When in the ALT 1 or ALT 2 modes, the bits of PORT C 
are structured like the diagram above in the simple input 
Or Output mode, respectively. 

Reading from an input port with nothing connected to the 
pins will provide unpredictable results. 


Figure 6 shows how the M8155 1|/O ports might be 
configured in a typical MCS-85 system. 


TABLE 1. TABLE OF PORT CONTROL ASSIGNMENT. 


A INTR ‘Port A Interrupt: 
A BF ‘Port A Buffer Full: 
A STB ‘Port A Strobe: 
Output Port 
Output Port 
Output Port 
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A INTR (Port A Interrupts... 
A BF :Port A Buffer Full: f[ 
A STB ‘Port A Strobe: 
B INTR ‘Port B Interrupt: 
B BF (Port B Buffer Full) 
B STB ‘Port B Strobe: 


TO 8085 RST INPUT 


A INTR (SIGNALS DATA RECEIVED) 
A BF (SIGNALS DATA READY) 
A STB (ACKNOWL. DATA RECEIVED) 
B STB (LOADS PORT B LATCH) 

B BF (SIGNALS BUFFER IS FULL) 


B INTR (SIGNALS BUFFER 
READY FOR READING) 


TO/FROM 
PERIPHERAL 
INTERFACE 


TO 8085 INPUT PORT (OPTIONAL) 


TO 8085 RST INPUT 


Figure 6. Example: Command Register = 00111001 


M8155 


TIMER SECTION 


The timer is a 14-bit down-counter that counts the TIMER 
IN pulses and provides either a square wave or pulse 
when terminal count (TC) is reached. 

The timer has the I/O address XXXXX100 for the low order 
byte of the register and the I/O address XXXXX101 for 
the high order byte of the register. (See Figure 4). 

To program the timer, the COUNT LENGTH REG is 
loaded first, one byte at a time, by selecting the timer 
addresses. Bits 0-13 of the high order count register will 
specify the length of the next count and bits 14-15 of the 
high order register will specify the timer output mode 
(see Figure 7). The value loaded into the count length 
register can have any value from 2H through 3FFH in 
Bits 0-13. 


7 6 5 4 3 2 1 0 
PP Polley spo 
are an ee! 


) 
TIMER MODE MSB OF CNT LENGTH 


7 6 5 4 3 2 1+ 0 
ae me 
LSB OF CNT LENGTH 


Figure 7. Timer Format 


There are four modes to choose from: M2 and M1 define 
the timer mode, as shown in Figure 9. 


TIMER OUT WAVEFORMS: 


MODE START TERMINAL TERMINAL 
BITS COUNT COUNT COUNT 

mz Mi ; ; = ow oe t ar er 
0 0 1. SINGLE a Ce al 

SQUARE WAVE 

SQUARE WAVE 

3. SINGLE TS en ae ap ae a a = = @ 

1 0 PULSE ON 


TERMINAL COUNT 
. CONTINUOUS 
PULSES 
Figure 8. Timer Modes 


Bits 6-7 (TM2 and TM1) of command register contents 
are used to start and stop the counter. There are four 
commands to choose from: 


TMe2 TM1 

0 0 NOP — Donotaffect counter operation. 

0 1 STOP — NOP if timer has not started; 
stop counting if the timer is running. 

1 0 STOP AFTER TC — Stop immediately 
after present TC is reached (NOP if timer 
has not started) 

1 1 START — Load mode and CNT length 


and start immediately after loading (if 
timer is not presently running). If timer 
is running, start the new mode and CNT 
length immediately after present TC is 
reached. 
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Note that while the counter is coun 
new count and mode into the count length: 
Before the new count and mode will be uséd by. thie 


counter, you must issue a START command te. ‘the: 
counter. This applies even though you may only wantto 


change the count and use the previous mode. 


In case of an odd-numbered count, the first half-cycle 
of the squarewave output, which is high, is one count 
longer than the second (low) half-cycle, as shown in 


Figure 9. 
| 
| 
| | | 
ee 5 <———_____ 


NOTE: 5 AND 4 REFER TO THE NUMBER OF CLOCKS IN THAT TIME PERIOD 


Figure 9. Asymmetrical Square-Wave Output Resulting 
from Count of 9 


The counter in the M8155 is not initialized to any particular 
mode or count when hardware RESET occurs, but RESET 
does stop the counting. Therefore, counting cannot begin 
following RESET until a START command is issued via 
the C/S register. 


Please note that the timer circuit on the M8155 chip is 
designed to be a square-wave timer, not an event counter. 
To achieve this, it counts down by twos twice in 
completing one cycle. Thus, its registers do not contain 
values directly representing the number of TIMER IN 
pulses received. You cannot load an initial value of 1 into 
the count register and cause the timer to operate, as its 
terminal count value is 10 (binary) or 2 (decimal). (For the 
detection of single pulses, it is suggested that one of the 
hardware interrupt pins on the 8085A be used.) After the 
timer has started counting down, the values residing in the 
count registers can be used to calculate the actual number 
of TIMER IN pulses required to complete the timer cycle if 
desired. To obtain the remaining count, perform the 
following operations in order: 


1. Stop the-count 


2. Read in the 16-bit value from the count length registers 
3. Reset the upper two mode bits 
4 


. Reset the carry and rotate right one position all 16 bits 
through carry 


5. If carry is set, add 1/2 of the full original count (1/2 full 
count — 1 if full count is odd). 


Note: If you started with an odd count and you read the 
count length register before the third count pulse occurs, 
you will not be able to discern whether one or two counts 
has occurred. Regardless of this, the M8155 always counts 
out the right number of pulses in generating the TIMER 
OUT waveforms. 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias -55°C to +125°C 


Storage Temperature ............... -65°C to +150°C 
Voltage on Any Pin 

With RespecttoGround ............... -0.5V to +7V 
Power Dissipation ...... ccc cece eee ee eee 1.5W 


“COMMENT. Stresses above thou STE 
Maximum Ratings’’ may cause permanent ‘dam 40 
device. This is a stress rating only and funé tional. op 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this spec 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


Si 
a> 


D.C. CHARACTERISTICS (Ta = -55°C to +125°C; Voc = 5V +10%) 


vow | Outout Wh vonage | 24 | ——~(| ‘|b = 40008 


lj;,(CE) | Chip Enable Leakage 
M8155 +100 
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Vin = Vec to OV 


A.C. CHARACTERISTICS (ta = -55°C to +125°C: Voc = 5V +10%) 


SYMBOL 


TAL 
tLa 
tLe 
tro 
taD 
ToL 
tRDF 
teL 
tcc 
tow 
two 
trv 
twp 
ter 
tre 
tsBF 
tss 
tRBE 
tsi 
trol 
tess 
tPHS 
tsBe 
tweF 
twi 
tTL 
(TH 
tRDE 
ty 


tg 


PARAMETER 

Address to Latch Set Up Time 

Address Hold Time after Latch 

Latch to READ/WRITE Control 

Valid Data Out Delay from READ Control 
Address Stable to Data Out Valid 

Latch Enable Width 

Data Bus Float After READ 
READ/WRITE Control to Latch Enable 
READ/WRITE Control Width 

Data In to WRITE Set Up Time 

Data In Hold Time After WRITE 
Recovery Time Between Controls 
WRITE to Port Output 

Port Input Setup Time 


~~ 


~~ 
: 


Port Input Hold Time 
Strobe to Buffer Full 


READ to Buffer Empty 

Strobe to INTR On 

READ to INTR Off 

Port Setup Time to Strobe Strobe 
Port Hold Time After Strobe 
Strobe to Buffer Empty 

WRITE to Buffer Full 

WRITE to INTR Off 

TIMER-IN to TIMER-OUT Low 
TIMER-IN to TIMER-OUT High 
Data Bus Enable from READ Control 
TIMER-IN Low Time 

TIMER-IN High Time 


- 
on 


UNITS 


Ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


Ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 
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ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 
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M8155 


WAVEFORMS 


a. Read Cycle 


al yl 


A een 


Xores CX earavano 
AD ADDRESS DATA DATAVALID 
0-7 A 4 /N 


ta, —— =a— tia — 
ALE 


i 


<< 


tror 


ie hy ee = ley 


b. Write Cycle 


- a 


ADy.7 ADDRESS x xX 4 DATA VALID x 


tat -o ta — —+\— tow | —— tet | 
ALE i: | 
——_ tt. -— 2am — ttc — ee two 7 
wR 
_—- tec ———_> <a  tpy ___] 


Figure 10. M8155 Read/Write Timing Diagrams 


2-54 


M8155 


a. Strobed Input Mode 


BF 


STROBE 


tts -———— tane at meas 


INTR 


eed 
a xX 
FROM PORT / X 


b. Strobed Output Mode 


BF 
a= Tepe 
STROBE \_A 
twer js qh tg — 
| 
INTR 
wt > [7 
wR 


OUTPUT DATA 
TO PORT 


Figure 11. Strobed I/O Timing 
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M8155 


a. Basic Input Mode 


INPUT 


DATA BUS* 


b. Basic Output Mode 


DATA BUS* 


OUTPUT 


*DATA BUS TIMING IS SHOWN IN FIGURE 7. 


Figure 12. Basic I/O Timing Wavefore 


LOAD COUNTER FROM CLR _ RELOAD COUNTER FROMCLR —> 
| 2 | 1 5 4 | 3 | 2 | 1 5 
t, —>| t2 
TIMER IN 
tf ty 
tcyc 
TIMER OUT \ / 
(PULSE) y (ere y 
a A 
tTH 
TIMER OUT \ Nemes 4 
(SQUARE WAVE) \ / 
, @e emp =p SEB P =P GED =D a | 
tTL tTH 


NOTE 1: THE TIMER OUTPUT !S PERIODIC IF IN AN AUTOMATIC 
RELOAD MODE (M, MODE BIT = 1) 


Figure 13. Timer Output Waveform Countdown from 5 to 1 
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In 


M8755A 
16,384-BIT EPROM WITH I/O 


*Directly Compatible with M8085A CPU 


MILITARY 


Internal Address Latch 


= Military Temperature Range 


(—55°C to +100°C) 
= 2 General Purpose 8-Bit I/O Ports 


arctan words ebis Each I/O Port Line Individually 
Programmable as Input or Output 


a Single +5V Power Supply (Vcc) 
Multiplexed Address and Data Bus 


w U.V. Erasable and Electrically 
Reprogrammable = 40-Pin DIP 


The Intel® M8755A is an erasable and electrically reprogrammable ROM (EPROM) and I/O chip to be used in the MCS-85™ 
microcomputer system. The EPROM portion is organized as 2048 words by 8 bits. 


The I/O portion consists of 2 general purpose I/O ports. Each I/O port has 8 port lines, and each I/O port line is individually 
programmable as input or output. 


PROG AND CE; [] 1 40|_] Vcc 


CLK CE2 LJ 2 39 [[] PB, 
CLK [] 3 38 [_] PBg 

READY RESET (| 4 37 [7] PBs 
Von L] 5 36 [7] PB, 

a READY [] 6 35 [] PBs 
PORTA lor C7 34 [7] PB2 

OR (| 8 33 [7] PB, 

As.10 Gas) PAo.7 RD CI9 32] PBo 
iow M8755A 31 |_] PA7 

a ee ALE [J 11 30 [7] PAs 
ALE (=) PBo.7 ADo LJ 12 29 ["] PAs 
RD AD, [] 13 28 [7] PAg 
low AD2 [] 14 27 [1] PAs 
RESET ADs C115 26 1 PA, 
si AD, L] 16 25 [-] PA; 
PROGICE, Layee ADs [] 17 24 [7] PAo 


Vpp Vss (OV) ADe L| 18 23 LJ] Ato 
AD7 [] 19 227] Ag 
Vss L] 20 211J Ag 
Figure 1. Block Diagram Figure 2. Pin Configuration 


a eee 
Intel Corporation Assumes No Responsibilty for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circuit Patent Licenses are Implied. 
©INTEL CORPORATION, 1980 9-57 MAY 1980 


intal M8755A 


ABSOLUTE MAXIMUM RATINGS* NOTICE: Stresses above those listed under “Absolute Max- 
Temperature Under Bias.......... — 55°C to + 100°C imum Ratings” may cause permanent damage to the device. 
Storage Temperature............. ~65°C to +150°C This is a stress rating only and functional operation of the 
Voltage on Any Pin . device at these or any other conditions above those indicated 

With Respect to Ground ~0.5V to +7V in the operational sections of this specification is not implied. 
Power Dissipation...............e008 ; 1.5W Exposure to absolute maximum rating conditions for extended 


periods may affect device reliability. 


*Except for programming voltage 


D.C. CHARACTERISTICS (t,= -55°C to + 100°C; Veg =5V + 10%) 
Parameter 
Input Low Voltage 
Input High Voltage 
Output Low Voltage 
Output High Voltage 
Input Leakage 
Output Leakage Current 


Vcc Supply Current 


Parameter 


Clock Cycle Time 


CLK Pulse Width | so | 
a 


CLoap= 150 pF 
(See Figure 3) 


CLK Pulse Width 120 


CLK Rise and Fall Time Ff 80 Tons 
Address to Latch Set Up Time | 70 | Tl 
Address Hold Time after Latch | 100 | 


Latch to READ/WRITE Control 130 
Valid Data Out Delay from READ Control 


Address Stable to Data Out Valid ae 
| 140 
Le! 


150 pF Load 
Latch Enable Width 


Data Bus Float after READ 
READ/WRITE Control to Latch Enable 
READ/WRITE Control Width 

Data In to WRITE Set Up Time 
Data In Hold Time After WRITE 
WRITE to Port Output 

Port Input Set Up Time 

Port Input Hold Time 

READY HOLD TIME 

ADDRESS (CE) to READY 
Recovery Time Between Controls 
Data Out Delay from READ Control 
ALE to Data Out Valid 


AFN 01494A 


intel 
M8086 
16-BIT HMOS MICROPROCESSOR 


a Direct Addressing Capability to 1 a 8-and 16-Bit Signed and Unsigned 
MByte of Memory Arithmetic in Binary or Decimal 


| ; Including Multiply and Divide 
= Assembly Language Compatible with 


8080/8085 a 5 MHz Clock Rate (8 MHz for 8086-2) 
(4 MHz for 8086-4) 
a 14 Word, By 16-Bit Register Set with 
Symmetrical Operations a MULTIBUS™ System Compatible 
Interface 


a 24 Operand Addressing Modes 


= Full Military Temperature Range 
a Bit, Byte, Word, and Block Operations — 55°C to +125°C 


The Intel® M8086 is a new generation, high performance microprocessor implemented in N-channel, depletion load, 
silicon gate technology (HMOS), and packaged in a 40-pin CerDIP package. The processor has attributes of both 8- and 
16-bit microprocessors. It addresses memory as a sequence of 8-bit bytes, but has a 16-bit wide physical path to 
memory for high performance. 


EXECUTION UNIT BUS INTERFACE UNIT 


RELOCATION 
REGISTER FILE REGISTER FILE 
SEGMENT 
REGISTERS 


AND 
INSTRUCTION 


INDEX REGS 


(8 WORDS) POINTER GND CL}! Vcc 
(5 WORDS) A014 AD15 
an13 C A16/S3 
Ao12 A17/S4 
BHE/S? Ann A18/S5 
i\ Ase apdi0 A19/S6 
Are/S3 Apg ( BHE/S7 
( TE) ADss-ADo Aos C MNIMX 
eee Ao7 C RD 
Ta) INTA.RO R Ss 
Ave C RQIGTO (HOLD) 
7 \OTIR.DEN.ALE ADs (31: RQ/IGT1 (HLDA) 
aos O LOCK (WR) 
Ao3 ( $2 (M/IO) 
Aod2 [] $1 (DT/R) 
Aoi SO (DEN) 
Avo C QSo_ (ALE) 
NMI QS1 = (INTA) 
INTR [J TEST 
Test ear ciK O READY 
——+ ND 1.) RESET 
Po (Tr) CONTROL & TIMING ae Q50.0S; en 2"H 
MtoA2—— Fa) seise 40 LEAD 
CLK RESET READY MNIMX GND 
Vcc 
Figure 1. M8086 CPU Functional Block Diagram Figure 2. M8086 Pin Diagram 


eee 
INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED. 
© INTEL CORPORATION, 1979 AUGUST 1979 
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M8086 


A.C. CHARACTERISTICS 
Ta = —55°C to +125°C, Voc =5V + 10% 


8086 MINIMUM COMPLEXITY SYSTEM (Figures 8, 9, 12, 15) 
TIMING REQUIREMENTS 


8086 


i cae al 
TOVOL | DatainSetuptime—SSS~=~wSC‘“‘ OSCS*dSC‘sq$™~ 
TOLDX | DatainHoldTime —=—S*d~SCit~S«dSSS*d is 
TRIVCL | RDY Setup Time into 8264 (See Notes 7,2) | 38 ~—*4|—~S=*d; ns 
TCLR1X__| RDY Hold Time into 8284 (See Notes, 1,2) | 0 | | ns | 
TCHRYX | READY Hold Time into6086 —=—=S«|=S=S0SS|SS*d ns 
TRYLCL | READY Inactive to CLK (See Notes) | --8~—*4|S*dt ns 
THVCH [HOLD SewpTime ——SS«YSSSSSiYSSS*dt ns 


NOTES: 1. Signal at 8284 shown for reference only. 
2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 
3. Applies only to T2 state (8 ns into T3). 


TIMING RESPONSES 8086 | 
Symbol Min. | Max. | Units | Test Conditions 
TOLAV 170 

TOLAX a 

TOLAZ | Address Float Delay _—=S~*~wCS*«SC LAX“ 

TLL TLGH-20 | _ 

7a CL a i ee 

TLLAX TOHOL-10 |_| ne 

TOLDV | DataValidDely | OY t10 | m8 | 0, = 20-100 pF for 
TOHDX | DataHoldtime | 0 S*d ns] 8086 Outs 
TWHDX | DataHold Time AfterWR | TCLCH-30 | 8086 self-load) 
TOVGTV 

TCHOTV 

TOVOTX 

TAZAL | Address Float to READ Actve—~—=S«dSCSC=“‘i SSTSC* 

TOLAL 

TOLRH 150 

TRHAV | RD Inactive to Next Address Active ‘(| -TCLL-a5 |_| ns 

TOLHAV 

TRLRH | RD Width 2TCLCL-75 | 

TWLWH | WR Width 2TCLCL-60 | 
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M8086 


ABSOLUTE MAXIMUM RATINGS* 


. ~55°C to +126°C 
-— 65°C to + 150°C 


Ambient Temperature Under Bias... 
Storage Temperature 
Voltage on Any Pin with 

Respect to Ground 
Power Dissipation 


—-1.0 to +7V 
2.5 Watt 


i 


D.C. CHARACTERISTICS 


T , = —55°C to + 125°C, Voc = 5V + 10% 


Symbol Parameter 


Vin Input High Voltage 
Vou 
Von Output High Voltage 
loc Power Supply Current 
8086/8086-4 
8086-2 
ly Input Leakage Current 
lLo 
Ve 
VCH 
Capacitance of Input Buffer 
Cin (All input except _ 
ADy — ADi5, RQ/GT) 
C Capacitance of I/O Buffer 
Ke) 


(ADy- 


ADs, RQ/GT) 


“COMMENT. Stresses above those listed under ‘Absolute Maximum 
Ratings’ may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect device reliability. 


Test Conditions 


V 


340 mA = 


| yA tov <Vin< Vee 


intel PRELIMINARY 


M8282/8283 
OCTAL LATCH 


MILITARY 
= Fully Parallel 8-Bit Data Register and a 3-State Outputs 
Buffer 


= Transparent during Active Strobe 
= Supports 8080, 8085, 8048, and 8086 = No Output Low Noise when Entering 


20-Pin Package with 0.3” Center 


Systems or Leaving High Impedance State 
a High Output Drive Capability for a= Full Military Temperature Range 
Driving System Data Bus — 55° to + 125°C 


The M8282 and M8283 are 8-bit bipolar latches with 3-state output buffers. They can be used to implement latches, buf- 
fers, or multiplexers. The M8283 inverts the input data at its outputs while the M8282 does not. Thus, all of the prin- 
cipal peripheral and input/output functions of a microcomputer system can be implemented with these devices. 


Figure 1. M8282 Pin Diagram Figure 2. M8283 Pin Diagram 


INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED. 
© INTEL CORPORATION, 1980 FEBRUARY 1980 
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intel Me282/8283 PRELIMINARY 


/ 
NS 
© 
Nee] 


ye™N /__™ 
&) =) 
/ 


AE 
Ne] ZI Te! 
wees A KZ) Red 


oN 
See] 
\ 
4) 


Figure 3. Logic Diagrams 


PIN DEFINITIONS OPERATIONAL DESCRIPTION 
mae —_—_ The M8282 and M8283 octal latches are 8-bit latches 


STROBE (Input). STB is an input control with 3-state output buffers. Data having satisfied the 
pulse used to strobe data at the data input setup time requirements is latched into the data latches 
pins (Ap-A7) into the data latches. This by strobing the STB line HIGH to LOW. Holding the STB 
signal is active HIGH to admit input data. line in its active HIGH state makes the latches appear 
erat sail ernest Eo transparent. Data is presented to the data output pins by 

__ activating the OE input line. When OE is inactive HIGH 
OUTPUT ENABLE (Input). OE is an input the output buffers are in their high impedance state. 
control signal which when active LOW Enabling or disabling the output buffers will not cause 


enables the contents of the data latches negative-going transients to appear on the data output 
onto the data output pin (Bo-B7). OE being bus. 


inactive HIGH forces the output buffers to 
their high impedance state. 


DATA INPUT PINS (Input). Data pre- 
sented at these pins satisfying setup 
time requirements when STB is strobed 
is latched into the data input latches. 


DATA OUTPUT PINS (Output). When OE 
is true, the data in the data latches is 
presented as inverted (M8283) or non- 
inverted (M8282) data onto the data out- 
put pins. 
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intel M8282/8283 PRELIMINARY 


D.C. AND A.C. OPERATING CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias.......... — 55°C to + 125°C *NOTICE: Stresses above those listed under “Absolute Maximum Ratings” 
Storage Temperature............. — 65°C to + 150°C may cause permanent damage to the device. This is a stress rating only and 
All Output and Supply Voltages........ —0.5V to +7V functional operation of the device at these or any other conditions above 

those indicated in the operational sections of this specification is not 
All Input Voltages.................. — 1.0V to +5.5V 


Pilates implied. Exposure to absolute maximum rating conditions for extended 
Power Dissipation ............... 0.0.0 cece eee 1 Watt periods may affect device reliability. 


D.C. CHARACTERISTICS FOR M8282/8283 
Conditions: Voc =5V + 10%, Ta= — 55°C to + 125°C 


[symbol [Parameter [Min 
[input Giamp Vorage | 
[Power Supply Curent [| 
[—FomardinputGurent | (| _-02 | ma | ver 0av 
nd 
ana 


a 

te | Reverse input Current 
[Vou | OutoutHigh Votage [24 | —+(| Vly -Sma 
tore [Output orf Curent | 
Vn | teput Low Vottage | 
[Vin | _laput High Votage [20 
os : 


= 1 MHz 
Cin Input Capacitance 12 pF Veias = 2.5V, Voc = 5V 
Ta= 25°C 


Notes: 1. Output Loading Io, = 32 mA, IoH= —5 MA, C, = 300 pF 


A.C. CHARACTERISTICS FOR M8282/8283 
Conditions: Voc =5V + 10%, T,a= — 55°C to + 125°C 
Loading: Outputs — Io, = 32 MA, Ilo = —5 MA, C, = 300 pF 


Input to Output Delay 
—Inverting 
—Non-Inverting 


STB to Output Delay 
—Inverting 
—Non-Inverting 


STB High Time 


NOTE: 1. See waveforms and test load circuit on following page. 
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intel Me2e2/8283 PRELIMINARY 


M8282/8283 TIMING 


TIVSL TSLIX 


TIVOV 


\\ 


SEE NOTE 1 
TSHOV 


NOTE: 1.8283 ONLY — OUTPUT MAY BE MOMENTARILY INVALID FOLLOWING THE HIGH GOING STB TRANSITION. 
2. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE NOTED, 


3-STATE TO Von SWITCHING 


3-STATE TO VoL 


Figure 4. Output Test Load Circuits 
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intel PRELIMINARY 


M8284 
CLOCK GENERATOR AND DRIVER 
FOR M8086 MICROPROCESSOR 


@ Full Military Temperature Range: @ 18-Pin Package 
-—55°C to +125°C 
™ Generates System Reset Output 
@ Generates the System Clock for the from Schmitt Trigger Input 
M8086 
™@ Provides Local Ready and 
@ Uses a Crystal or TTL Signal for MULTIBUS™ Ready Synchronization 
Frequency Source 
@ Capable of Clock Synchronization 
@ Single +5V Power Supply with other M8284’s 


The M8284 is a bipolar clock generator/driver designed to provide clock signals for the M8086 and peripherals. It also 
contains READY logic for operation with two MULTIBUS™ systems and provides the processors required READY 
synchronization and timing. Reset logic with hysteresis and synchronization is also provided. 


RESET 


CSYNC[}1 1817) Voc 
_ PCLK |} 2 177 J X1 
oe AEN1[]3 16[ ] x2 
RDY1(]4 15[_] NC. 
READY []5 14.7] EFI 
-2 Lepcux RDY2 (]6 1317] FIC 
csYnc bee AEN2 [7 121} OSC 


eee! cree cx cLK[]8 11[-] RES 
= a. D Q READY 


GND | J9 107 | RESET 


Figure 1. M8284 Block Diagram Figure 2. M8284 Pin Configuration 


CONNECTIONS FOR CRYSTAL RES RESET INPUT 
Gioek SOURCE SELERs RESET SYNCHRONIZED RESET OUTPUT 
EXTERNAL CLOCK INPUT osc OSCILLATOR OUTPUT 


CLOCK SYNCHRONIZATION INPUT CLK MOS CLOCK 1D8086 
PCLK TTL CLOCK FOR PERIPHERALS 


READY SIGNAL FROM TWO MULTIBUS™ SYSTEMS READY SYNCHRONIZED READY OUTPUT 


AEN1 | Vcc +5 VOLTS 
—_— IFI F 
EN? | ADDRESS ENABLED QUALIFIERS FOR RDY1,2 GND s 


M8284 Pin Names 
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M8284 PRELIMINARY 

D.C. AND A.C. CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS* 
Temperature Under Bias ............ — 55°C to 125°C “NOTICE: Stresses above those listed under “Absolute Maximum Ratings” 
Storage Temperature............. —65°C to + 150°C may cause permanent damage to the device. This is a stress rating only and 

- functional operation of the device at these or any other conditions above 
All Output and Supply Voltages........ 0.5V to +7V those indicated in the operational sections of this specification is not 
All Input Voltages seen e eee eee -—1.0V to +5.5V implied. Exposure to absolute maximum rating conditions for extended 
Power DISSIDAION <<. vide ct dered ies deswiwes 1 Watt periods may affect device reliability. 


D.C. CHARACTERISTICS 


Conditions: Ta= —55°C to 125°C; Veg =5V+ 10% 


Symbol | __ Parameter 
ie | Forward input Curent 
in| Reverse input Curent 
"Ye | Input Forward Clamp Votiage 
vn 


V 
Pleo Power Supply Current 
V Input LOW Voltage 


Input HIGH Voltage 


A.C. CHARACTERISTICS 


Conditions: Ta= —55°C to 125°C; Voc =5V+ 10% 
TIMING REQUIREMENTS , 


TEHEL External Frequency High Time 


TELEL EFI Period 

TRIVCL RDY1, RDY2 Set-Up to CLK 
RDY1, RDY2 Hold to CLK 

TYHEH CSYNC Set-Up to EFI 


TEHYL CSYNC Hold to EFI 


TIWHCL RES Set-Up to CLK 


AENT, AEND Set-Up to RDY1, RDY2 
TCLA1X AEN], AEN2 Hold to CLK 


CSYNC Width 2-TELEL 


intel PRELIMINARY 


M8286/8287 
OCTAL BUS TRANSCEIVER 


MILITARY 


a Data Bus Buffer Driver for MCS-86™, 9 3.State Outputs 
MCS-80'™™, MCS-85™), and MCS-48™ 


Families = 20-Pin Package with 0.3” Center 
a a No Output Low Noise when Entering 
a High Output Drive Capability for : ; 
Driving System Data Bus or Leaving High Impedance State 
a Full Military Temperature Range 
= Fully Parallel 8-Bit Transceivers — 55° to +125°C 


The M8286 and M8287 are 8-bit bipolar transceivers with 3-state outputs. The M8287 inverts the input data at is outputs 
while the M8286 does not. Thus, a wide variety of applications for buffering in microcomputer systems can be met. 


oo 


Figure 1. M8286 Pin Diagram Figure 2. Pin Diagram 
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M8286/8287 


PRELIMINARY 
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Figure 3. Logic Diagrams 


PIN DEFINITIONS 


TRANSMIT (Input). T is an input control 
signal used to control the direction of the 
transceivers. When HIGH, it configures the 
transceiver's Bp-B7 as outputs with Ag-A7 
as inputs. T LOW configures Ao-A7 as the 
outputs with By-B7 serving as the inputs. 


OUTPUT ENABLE (Input). OE is an input 
control signal used to enable the appropri- 
ate output driver (as selected by T) onto its 
respective bus. This signal is active LOW. 


LOCAL BUS DATA PINS (Input/Output). 
These pins serve to either present data to 
or accept data from the processor’s local 
bus depending upon the state of the T pin. 


Bo-B7 SYSTEM BUS DATA PINS (Input/Output). 
(M8286) These pins serve to either present data to 
Bo-B7 or accept data from the system bus de- 
(M8287) pending upon the state of the T pin. 
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OPERATIONAL DESCRIPTION 


The M8286 and M8287 transceivers are 8-bit trans- 
ceivers with high impedance outputs. With T active 
HIGH and OE active LOW, data at the A,-A; pins is 
driven onto the By-B7 pins. With T inactive LOW and OE 
active LOW data at the B,-B, pins is driven onto the 
Ay-A7 pins. No output low glitching will occur whenever 
the transceivers are entering or leaving the high im- 
pedance state. 


intel Me286/8287 PRELIMINARY 


D.C. CHARACTERISTICS FOR M8286/8287 
ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias.......... — 55°C to + 125°C *NOTICE: Stresses above those listed under “Absolute Maximum Ratings” 
Storage Temperature............. — 65°C to + 150°C may cause permanent damage to the device. Thisisa stress rating only and 

functional operation of the device at these or any other conditions above 
All Output and Supply Voltages [aes —0.5V to +7V those indicated in the operational sections of this specification is not 
All Input Voltages). 06 s0402.esenes ens — 1.0V to +5.5V implied. Exposure to absolute maximum rating conditions for extended 
Power Dissipation ............ 0.0 ccc eee eens 1 Watt periods may affect device reliability. 


D.C. CHARACTERISTICS FOR 8286/8287 
Conditions: Vog=5V + 10%, Ta= —55°C to + 125°C 


[Symbot_| Parameter ————~—~=«|' Min“ Max | Units | Test Conditions 
[ve [input Campvottage S| | tesa 
loc 


Power Supply Current—8287 130 

— 8286 160 
Forward Input Current P| 0.2 | mA Ve=0.45V 
Reverse Input Current | 500 | A Vrp=5.25V 


VoL Output Low Voltage —B Outputs V lo. = 32 mA 
—A Outputs V lo. = 16 mA 

Von Output High Voltage —B Outputs V lon=-5 MA 
—A Outputs V lon=-1MA 

lorr Output Off Current le Vorr = 0.45V 

lorr Output Off Current Ip Vorr= 5.25V 

Vin Input Low Voltage —A Side 0.8 V Vcc = 5.0V, See Note 1 
—B Side 0.9 V Vcc = 5.0V, See Note 1 


Vaias = 2.5V, Voc = 5V 
5°C 


Input Capacitance 


Note: 1. B Outputs — lo. = 32 mA, lon = -5 mA, C. = 300 pF A Outputs — lot = 16 mA, lon = -1 mA, CL = 100 pF 


A.C. CHARACTERISTICS FOR M8286/8287 
Conditions: Voc =5V + 10%, Ta= — 55°C to + 125°C 


Loading: B Outputs — lot = 32 mA, lon = -5 mA, CL = 300 pF 
A Outputs — lo. = 16 mA, lon = -1 mA, CL = 100 pF 


Test Conditions 


(See Note 1) 


Input to Output Delay 
inverting 
Non-Inverting 


TIVEL__| TranemivReceWve Setup | 30 
TeHOZ | Output DisebieTime | | 


intel Me286/8287 PRELIMINARY 


M8286/8287 TIMING 


INPUTS 


+ TIVOV —>| TEHOZ TELOV— 


laa + .1V 


- TEHTV ——- 


> 


NOTE: 1. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE NOTED. 
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© g 
a ” 
z z 
> > 
q << 
a oad 
wW lw 
a a 


600 


pF LOAD pF LOAD 


Figure 4. Output Delay vs. Capacitance 


V 


1.5 
662 
OUT 


100 pF in pF 


3-STATE TO VoL 3-STATE TO Vo. SWITCHING 


B OUTPUT A OUTPUT B OUTPUT 


2.28V 


100 pF 


114Q 
OUT 
300 pF i} 


3-STATE TO Von 3-STATE TO Von SWITCHING 


B OUTPUT A OUTPUT A OUTPUT 


Figure 5. Test Load Circuits 
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PRELIMINARY 


M8288 
BUS CONTROLLER 
FOR M8086 MICROPROCESSOR 


@ Bipolar Drive Capability  3-State Command Output Drivers 

@ Provides Advanced Commands = Configurable for Use with an I/O Bus 

@ Provides Wide Flexibility in System = Facilitates Interface to One or Two 
Configurations Multi-Master Busses 


@ Military Temperature Range —55°C to +125°C 


The Intel® M8288 Controller is a 20-pin bipolar component for use with medium-to-large 8086 processing systems. 
The bus controller provides command and control timing generation as well as bipolar bus drive capability while 
optimizing system performance. 


A strapping option on the bus controller configures it for use with a multi-master system bus and separate |/O bus. 


PIN CONFIGURATION 


BLOCK DIAGRAM 


| S$ —— MRDC 
gos6 |} =< STATUS 
— T 
status ) ot DECODER MTS 
e2 AMWC | wuttipus™ 
IORC COMMAND 
IGNALS 
lOWC si 
AIOWC 
iNTA 
FUNCTIONAL PIN-OUT 
GND Vcc 
CLK ——+ DT/R 
| sen CONTROL ADDRESS LATCH. DATA 
CONTROL | AEN ——> CONTROL SIGNAL DEN TRANSCEIVER. AND 
INPUT ) cen ——+ LOGIC GENER- MCE/PDEN { INTERRUPT CONTROL 
= ATOR SIGNALS +! 
10B ALE 
PROCESSOR 
STATUS 


> 


COMMAND 


++ eve tt 


+5V GND BUS 
CONTROL 
INPUT DT/R > 
ALE -> | CONTROL 
MCE/PDEN -> ({ OUTPUT 
—_ 


DEN 


2-73 


mieere PRELIMINARY 


D.C. AND OPERATING CHARACTERISTICS 


ABSOLUTE MAXIMUM RATINGS* 


“COMMENT: Stresses above those listed under ‘Absolute Maximum 


Temperature Under Bias.....................0000, -—55°C to 125°C Ratings” may cause permanent damage to the device. This is a stress 
Storage Temperature, ..4556006ecseaceevesevucrs - 65°C to + 150°C rating only and functional operation of the device at these or any other 
All Output and Supply VOIGQG@S chu vios<e Ke eentwakGas -0.5V to +7V conditions above those indicated in the operational sections of this 
All Input Voltages............0.0 000.00... e eee eee - 1.0V to +5.5V specification is not implied. Exposure to absolute maximum rating con- 
Power Dissipation......... 6 Faun ob aa Gada eaeens votes 1.5 Watt ditions for extended periods may affect device reliability. 


D.C. CHARACTERISTICS FOR THE M8288 
Conditions: Voc = 5V + 10%, Ta= —55°C to 125°C 


Vc Input Clamp Voltage Pot Ic=-5mMA 
IF Forward Input Current PE 07 ma Ve =0.45V 
VOL Output Low Voltage—Command Outputs Ct ee loL=20 mA 
Control Outputs V loL=16 mA 
VOH Output High Voltage— Command Outputs et. Ud lon= -5 mA 
Control Outputs V lIOH=—-1mMA 


A.C. CHARACTERISTICS FOR THE M8288 
Conditions: Voc = 5V + 10%, Ta= —55°C to 125°C 


TIMING REQUIREMENTS 


TSVCH Status Active Setup Time | 5 pons | 

TCHSV Status Active Hold Time p10 a. aa 

TSHCL Status Inactive Setup Time fo Fons 

TIMING RESPONSES 
Symbol | Parameter | Min’ «S| Max | sUnit. «| Loading 

TEVNV Control Active Delay ee 
TCLLH. TCLMCH ALE MCE Active Delay (from CLK) ee | 
TSVLH. TSVMCH ALEMCE Active Delay(fromStatusy) {| | sides J 
TCHLL ALE Inactive Delay es ee ee 
TUM Command Active Delay a | 
TCLMA [Command inactive Delay ——~«d[ 10+ is SS*d ns iow} lgn= -5 ma 
TCHDTL Direction Control! Active Delay ee ee ee INTA Cy. = 300 pF 
TCHDTH Direction Control Inactive Delay | TDi“ ds Cs” ao 
TAELCH Command Enable Time a 
TAEHCZ [Command Disable Time ——S—=~dSSSCSC*S 40 = ee 
TAELCV [Enable Delay Time —=S~=~*~“~srSC(‘ SYS [ns] other | 'or= = 11mA 
TAEVNV AEN to DEN Ps “20 | ons C_ = 80 pF 
TCEVNV CEN to DEN. POEN ee 
TCELRH CEN to Command aia TCLML | ons | 


M8251A 
PROGRAMMABLE COMMUNICATION INTERFACE 


MILITARY 
a Synchronous and Asynchronous = Asynchronous Baud Rate — DC to 
Operation 19.2K Baud 
= Synchronous 5-8 Bit Characters; a Full Duplex, Double Buffered, Trans- 
Internal or External Character Synchro- mitter and Receiver 


nization; Automatic Sync Insertion = Error Detection — Parity, Overrun and 


s Asynchronous 5-8 Bit Characters; Framing 
Sts See choaue: pana : a Fully Compatible with M8080/M8085 CPU 
1%, or 2 Stop Bits; False Start Bit 
Detection; Automatic Break Detect 
and Handling. 


a 28-Pin DIP Package 


a All Inputs and Outputs are TTL 


= Synchronous Baud Rate — DC to 64K Compatible 
paue = Single + 5V Supply 
a Military Temperature Range 
— 55°C to + 125°C a Single TTL Clock 


The Intel® M8251A is the enhanced version of the industry standard, Intel® 8251 Universal Synchronous/Asynchronous 
Receiver/Transmitter (USART), designed for data communications with Intel’s new high performance family of micropro- 
cessors such as the M8085. The M8251A is used as a peripheral device and is programmed by the CPU to operate using 
virtually any serial data transmission technique presently in use (including IBM ‘‘bi-sync’’). The USART accepts data char- 
acters from the CPU in parallel format and then converts them into a continuous serial data stream for transmission. Simul- 
taneously, it can receive serial data streams and convert them into parallel data characters for the CPU. The USART will 
signal the CPU whenever it can accept a new character for transmission or whenever it has received a character for the 
CPU. The CPU can read the complete status of the USART at any time. These include data transmission errors and control 
signals such as SYNDET, TxEMPTY. The chip is constructed using N-channel silicon gate technology. 


BLOCK DIAGRAM 


PIN CONFIGURATION 


TRANSMIT 


BUFFER O,Ly1 28} J 0, 
(P-S) 0,0) 2 27 LJ 0, 
RxD [7 3 26 J) Vee 
GND LJ 4 } RxC 


cLK READ/WRITE D,L) 6 ne 
c/D CONTROL blind o, C) 7 M8251A 22 (-] osR 
= elles CONTROL es 
Be ° ov, 8 RESET 
R - met 4 CLK 
wr (10 720 
s___] és(11 TxEMPTY 
c/o C112 Ts 
oe RDC] 13 SYNDET/BD 
DTR : 
MODEM Coreen RxD rxRDy (1) 14 TxRDY 
ETS CONTROL 


RxRDY 


RECEIVE RxC 


INTERNAL CONTROL 
DATA BUS 


O (S -P) 
TS. ea 
A 
a 
a 


<a» SYNDET 
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FEATURES AND ENHANCEMENTS 


8251A is an advanced design of the industry stan- 
dard USART, the Intel® 8251. The M8251A operates 
with an extended range of Intel microprocessors 
that includes the new 8085 CPU and maintains com- 
patibility with the 8251. Familiarization time is mini- 
mal because of compatibility and involves only 
knowing the additional features and enhancements 
and reviewing the AC and DC specifications of the 
M8251A. 


The M8251A incorporates all the key features of the 
M8251 and has the following additional features and 
enhancements: 


e M8251A has double-buffered data paths with 
separate I/O registers for control, status, Data 
In, and Data Out, which considerably simplifies 
control programming and minimizes CPU 
overhead. 


e In asynchronous operations, the Receiver 
detects and handles ‘‘break” automatically, re- 
lieving the CPU of this task. 


e Arefined Rx initialization prevents the Receiver 
from starting when in “‘break”’ state, preventing 
unwanted interrupts from a disconnected 
USART. 


e At the conclusion of a transmission, TxD line 
will always return to the marking state unless 
SBRK is programmed. 


M8251A 
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Tx Enable logic enhancement prevents a Tx 
Disable command from halting transmission 
until all data previously written has been trans- 
mitted. The logic also prevents the transmitter 
from turning off in the middle of a word. 


When External Sync Detect is programmed, 
Internal Sync Detect is disabled, and an Ex- 
ternal Sync Detect status is provided via a flip- 
flop which clears itself upon.a status read. 


Possibility of false sync detect is minimized by 
ensuring that if double character sync is pro- 
grammed, the characters be contiguously de- 
tected and also by clearing the Rx register to all 
ones whenever Enter Hunt command is issued 
in Sync mode. 


As long as the M8251A is not selected, the RD 
and WR do not affect the internal operation of 
the device. 


The M8251A Status can be read at any time but 
the status update will be inhibited during status 
read. 


The M8251A is free from extraneous glitches 
and has enhanced AC and DC characteristics, 
providing higher speed and better operating 
margins. 


Synchronous Baud rate from DC to 64K. 


Fully compatible with Intel’s new industry stan- 
dard, the MCS-85. 


intel 


M8251A 


ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias...... -~55°C to +125°C 
Storage Temperature.............. —65°C to +150°C 
Voltage On Any Pin 

With Respect to Ground............ —0.5V to+7V 
Power Dissipation. ............ 0.0.00. en 1 Watt 


“COMMENT: Stresses above those listed under “‘Absolu te 
Maximum Ratings’’ may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS 
Ta =-55°C to 125°C; Voc = 5.0V +5%; GND = OV 


VIL Input Low Voltage 05 
Vi Input High Voltage a ae 
VoL Output Low Voltage ae 
VOH Output High Voltage a 
lOFL Output Float Leakage Ee 
n input Leakage _ 
lec Power Supply Current aa 
CAPACITANCE 


Ta = 25°C; Vcc = GND = OV 


Test Conditions 


C 
lol =2.2mA 


lon = -400 vA 

Vout = Vcc TO 0.45V 
Vin = Vec TO 0.45V 
All Outputs = High 


3/ 


HH < 
oOo; oO Q 


Cijo 1/O Capacitance pf 20 Unmeasured pins returned to GND 


2V 


° 
Cc 
4 


C, = 150 pF. 


Figure 16. Test Load Circuit 


+20 


+1 


i=] 


\ OUTPUT DELAY (ns) 
° 


-100 -50 0 +50 +100 


3 CAPACITANCE (pF) 


Figure 17. Typical A Output Delay vs. A 
Capacitance (pF) 
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A.C. CHARACTERISTICS 
Ta = -55°C to 125°C; Voc = 5.0V +5%; GND = OV 


Bus Parameters (Note 1) 


Read Cycle: 
SYMBOL PARAMETER | min. | MAX. TEST CONDITIONS 
tan READ Pulse Width 30 | | ns | 
trp Data Delay from READ _ | [280 | ons 3, C) = 150 pF 
Write Cycle: 
au Data Set Up Time for WRITE | 200 | fons 
NOTES: 1. AC timings measured VQOH = 2.0, Voi = 0.8, and with load circuit of Figure 1. 


1 

2. Chip Select (CS) and Command/Data (C/D) are considered as Addresses. 

3. Assumes that Address is valid before Rp. 

4. This recovery time is for Mode Initialization only. Write Data is allowed only when TxRDY = 1. 
Recovery Time between Writes for Asynchronous Mode is 8 tcy and for Synchronous Mode is 16 tcy. 


Input Waveforms for AC Tests 


2.4 


POINTS 
0.45 0.8 0.8 
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Other Timings: 


SYMBOL_| PARAMETER _—_‘[MIN. | MAX. | UNIT | TEST CONDITIONS 
tey [“Gieck Peed ——SSCS*~S~S~s BQO | THO | ns | _—Ntes 8 
: [Glock High Pulse Width ———~—~S~S~w CBO cy 100] ns 

Glock Low Pulse Width [100 [| | ns 


Tx Transmitter Input Clock Frequency 
1x Baud Rate 64 kHz 
16x Baud Rate 310 kHz 
64x Baud Rate 615 kHz 


trpw Transmitter Input Clock Pulse Width 
1x Baud Rate tcy 
16x and 64x Baud Rate tcy 

ttpp Transmitter Input Clock Pulse Delay 
1x Baud Rate 15 —_ tcy 
16x and 64x Baud Rate 2 tcy 

i Receiver Input Clock Frequency 

1x Baud Rate DC 64 kHz 
16x Baud Rate DC 310 kHz 


615 kHz 


64x Baud Rate 


tRew Receiver Input Clock Pulse Width 


1x Baud Rate 
16x and 64x Baud Rate 


tRep Receiver Input Clock Pulse Delay 


1x Baud Rate 
16x and 64x Baud Rate 


- oO 
WwW ol oO 


tTxRDY TxRDY Pin Delay from Center of last Bit ff 8 | tcy Note 7 

taxnpy __| _FixRDY Pin Delay from Genter of last ie | | 24 | tcy | Note? 

t Internal SYNDET Delay from Risin 

t External SYNDET Set-Up Time Before 

twc Control Delay from Rising Edge of tcy Note 7 
| mire cen OTR ATs | | 


5. The TxC and RxC frequencies have the following limitations with respect to CLK. 
For 1x Baud Rate, ft, or fry < 1/(30 tcy) 
For 16x and 64x Baud Rate, fry, or fry < 1/(4.5 tey) 


6. Reset Pulse Width = 6 tcy minimum; System Clock must be running during Reset. 
7. Status update can have a maximum delay of 28 clock periods from the event affecting the status. 
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M8253 
PROGRAMMABLE INTERVAL TIMER 


a 3 Independent 16-Bit Counters = Count Binary or BCD 


a Full Military Temperature Range a Single +5V Supply 
— 55°C to +125°C 


a Programmable Counter Modes a 24-Pin Dual In-Line Package 


The Intel® M8253 is a programmable counter/timer chip designed for use as an Intel microcomputer peripheral. It 
uses nMOS technology with a single —5V supply and is packaged in a 24-pin DIP. 


It is organized as 3 independent 16-bit counters, each with a count rate of up to 2 MHz. All modes of operation are soft- 
ware programmable. 


PIN CONFIGURATION BLOCK DIAGRAM 


CLK 0 


= COUNTER | ¢___ GATE 0 
0 


OUT 0 


CLK 1 
COUNTER GATE 1 
1 


Out 1 
<4 CLK 2 
— COUNTER | 4 anes 


i OUT 2 


INTERNAL BUS 


PIN NAMES 


REGISTER 


S 


2-80 


M8253 
a ne ee en ee Ce ee 


ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias ... -55°C to +125°C 
Storage Temperature .............. —65° GC to +150°C 
Voltage On Any Pin 

With RespecttoGround .............. =0.5Vto+7V 
Power Dissipation ........................... 1 Watt 


“COMMENT. Stresses above those listed under “Absolute 
Maximum Ratings’ may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS (tT, = -55°c to +125°C, Veg = BV + 10%) 


SYMBOL | PARAMETER min. | max. | units | TEST CONDITIONS 
Vin Input High Voltage | 22} 6 ov | 

VoL Output Low Voltage a ae lol =1.6mA 

Von | Output High Voltage | 2a | |v | ton = “180A 
lort __| #20 Your = Voc to OV 
lec Vec Supply Current | 160 i mA — 


CAPACITANCE Ty = 25°C: Voc = GND = OV 


Cin 


Cio 


Typ. 


Input Capacitance a a 
1/O Capacitance || 20 ope Unmeasured pins returned to Vss 
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Test Conditions 
fo = 1 MHz 


M8253 


A.C. CHARACTERISTICS 1, =-55°C to +125°C, Voc = 5.0V 5%; GND = OV 


Bus Parameters (Note 1) 


Read Cycle: 
ee 
SYMBOL PARAMETER [ oMIN, =| MAX.” UNIT 
try Recovery Time Between READ 
-—- Rae 
Write Cycle: 
ee 
try Recovery Time Between WRITE 
| Ravonwemase | tf | 


Notes: 1. AC timings measured at Von = 2.4, VoL = 0.8 
2. Test Conditions: 8253, Cy = 100pF 


Write Timing: Read Timing: 


—<———— low — two 


P,P 


VALID [HIGH IMPEDANCE 


WR DATA BUS HIGH IMPEDANCE 


Input Waveforms for A.C. Tests: 


22 2.2 


> TEST POINTS < 


0.8 0.8 


0.45 
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Clock and Gate Timing: 


SYMBOL 
tCLK 
tPWH 
tPWL 
tow 
tGL 
tGs 
tGH 
top 
topG 


PARAMETER 
Clock Period 
High Pulse Width 
Low Pulse Width 
Gate Width High 
Gate Width Low 
Gate Set Up Time to CLKt 
Gate Hold Time After CLKT 
Output Delay From CLK}! 


380 


Note 1: Test Conditions: Cy = 100pF. 


CLK 


GATEG 


OUTPUT 0 


Output Delay From Gate} !1] 300 
towH -tow, —> a tcLK - = 3 ee tes --> + - 
‘cs > : ‘cu 
| 
| ae ig ya soe 
ton — tet —> top >| 


UNIT 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


intel 
M8255A 


PROGRAMMABLE PERIPHERAL INTERFACE 


= 24 Programmable I/O Pins a Direct Bit Set/Reset Capability Easing 
= Completely TTL Compatible Control Application Interface 
= Fully Compatible with MCS-80™ a 40-Pin Dual In-Line Package 


Microprocessor Family = Reduces System Package Count 


The Intel® M8255A is a general purpose programmable I/O device designed for use with microprocessors. It has 24 I/O 
pins which may be individually programmed in 2 groups of 12 and used in 3 major modes of operation. In the first mode 
(MODE Q), each group of 12 I/O pins may be programmed in sets of 4 to be input or output. In MODE 1, the second 
mode, each group may be programmed to have 8 lines of input or output. Of the remaining 4 pins, 3 are used for hand- 
shaking and interrupt control signals. The third mode of operation (MODE 2) is a bidirectional bus mode which uses 8 
lines for a bidirectional bus, and 5 lines, borrowing one from the other group, for handshaking. 

Other features of the M8255A include bit set and reset capability and the ability to source 1 mA of current at 1.5 volts. 
This allows darlington transistors to be directly driven for applications such as printers and high voltage displays. 


PIN CONFIGURATION M8255A BLOCK DIAGRAM 


—_———e +5V 


POWER 
SUPPLIES 


emi GND 


GROUP 


A 
mn 
BI DIRECTIONAL DATA BUS 


Oo) ee 
BUFFER 


8 BIT 
INTERNAL 
DATA BUS 


GROUP 
M8255A __e ie. 


PORTC 


DATA 


PIN NAMES 


Dy-Dp 
RESET 
"eS [cupsevect 
"RD | READINPUT . 
Wi 
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en en a a OL Nee ee ered a 


ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias -55°C to +125°C 


Storage Temperature.............. —65°C to +150°C 
Voltage On Any Pin 

With Respect toGND.............. -0.5V to +7V 
Power Dissipation. ................ 00000 1 Watt 


“COMMENT: Stresses above those listed under “Absolute 
Maximum Ratings’’ may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS 1, = -55°C to +125°C;Vcc = +5V +10%; GND = OV 


vou 8) 

Vou(PER)| Output Low Vortge (Peripheral Pot 

von (08 

Von (PER)} Output High Voltage (Peripheral Port) 
Note 1: Available on any 8 pins from Port B and C. 


TEST CIRCUIT 


DUT 


c 


T TEST CONDITIONS 


loc = 2.5mA 
lol = 1.7mA 
lon = -400”UA 
lon = -200uUA 


Vin = Vec to OV 
Vout = Vcc to OV 


ETE 
5|5 


O Vext 


A.C. CHARACTERISTICS Ta = -55°C to +125°C, Voc = +5V +10%; GND = OV 


try Time Between READs and/or WRITEs 


Ww 


Oo 
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o) 
io) 


MAX. UNIT 
i 
as 
ns 
: 
180 [ 
fs 
ae 
fs 
rs 
fl 
fs 


ee) 
3 


ns 


ns 


ns 


ns 


ns 


ns 


M8255A 


A.C. CHARACTERISTICS (continued) 
tpy Per. Data After T.E. of STB 
tAD ACK = 0 to Output! 1] 


Ww 
i=) 


0 ns 


tkp ACK = 1 to Output Float 


oO 
NO 
3 
=) 
n 


twos WR = 1 to OBF = Ol] ns 
taop. =| ACK=0to OBF = i111 | | 350 | ns 
— STB = 1 to INTR = 111] pF 300 | ns 
tar | ACK=1to INTR=1!"] | | 350 | ns 
twit | WR=Oto INTR=011] ae 


Notes: 
1. Test condition: 8255A: CL = 100pF 
2. Period of Reset pulse must be at least 50uF during or after power on. Subsequent Reset pulse can be 500ns min. 


CAPACITANCE Ta = 25°C, Vcc = GND = OV 


SYMBOL PARAMETER | omin. | Typ. | MAX. | UNIT TEST CONDITIONS 


TIMING DIAGRAM 


8080 TO 8255 
” ‘ 


tao > 


PERIPHERAL 
BUS 


DATA FROM DATA FROM 
PERIPHERAL TO 8255 8255 TO PERIPHERAL 


DATA FROM 
8255 TO 8080 
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intel PRELIMINARY 


M8257 
PROGRAMMABLE DMA CONTROLLER 


= Full Military Temp. Range = Terminal Count and Modulo 128 
— 55°C to 125°C Outputs 

= 4-Channel DMA Controller w Single TTL Clock 

= Priority DMA Request Logic a Single +5V Supply 

a Channel Inhibit Logic = Auto Load Mode 


The Intel® M8257 is a 4-channel direct memory access (DMA) controller. It is specifically designed to simplify the 
transfer of data at high speeds for the Intel® microcomputer systems. Its primary function is to generate, upon a 
peripheral request, a sequential memory address which will allow the peripheral to read or write data directly to or 
from memory. Acquisition of the system bus in accomplished via the CPU’s hold function. The M8257 has priority logic 
that resolves the peripherals requests and issues a composite hold request to the CPU. It maintains the DMA cycle 
count for each channel and outputs a control signal to notify the peripheral that the programmed number of DMA 
cycles is complete. Other output control signals simplify sectored data transfers. The M8257 represents a significant 
Savings in component count for DMA-based microcomputer systems and greatly simplifies the transfer of data at high 
speed between peripherals and memories. 


PIN CONFIGURATION BLOCK DIAGRAM 


ORQO 


oo CY Ke? 


U 
BUFFER 


DACK 0 


ORQ 1 


DACK 1 


ORQ 2 


DACK 2 


=— DRO 3 


PIN NAMES 


DATA BUS 
ADDRESS BUS 


DACK 3 


AEN ADDRESS ENABLE 
ADSTB : ADDRESS STROBE 


Tc _—_| TERMINAL COUNT 
MARK MODULO 128 MARK 
DRQ3-DRQg | DMA REQUEST 

INPUT 


' BACK; DACKo| DMA ACKNOWLEDGE | 
i QUT 


| D7-Do 
| VOR | 


PRIORITY 
RESOLVER 


INTERNAL 
BUS 


HOLD REQUEST 
(TO 8080A) 
HLDA | HOLD ACKNOWLEDGE 
(FROM 8080A) 
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M8257 


ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias 

Storage Temperature 

Voltage on Any Pin 
With Respect to Ground 


PRELIMINARY 


*COMMENT: Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 


Power Dissipation 1 Watt ditions for extended periods may affect device reliability. 


D.C. CHARACTERISTICS 
Ta = — 55°C to 125°C, Voc = + 5V + 10%, GND =0V 


SYMBOL PARAMETER | min. | MAX. | UNIT | TEST CONDITIONS 


NT Input High Voltage | 2.2 | Vect5 | Volts 
VOL Output Low Voltage P| 0.45 | Volts | lo = 1.6 mA 
VoH Output High Voltage Vec Volts | Igy=-150uA for AB, 
DB 
||" 
CAPACITANCE 


Ta = 25°C; Vec = GND =O0V 


[parameter |_—min. | TvP._| MAX. | UNIT | TEST CONDITIONS 
[input Capacitance =| | |_| fe Me 


SYMBOL 


returned to GND 
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M8257 PRELIMINARY 


A.C. CHARACTERISTICS: PERIPHERAL (SLAVE) MODE 


Ta = — 55°C to 125°C, Voc = 5.0V + 10%; GND = OV (Note 1). 
8080 Bus Parameters 


Read Cycle: 
Tao | DataAccessiromAD! ———=SS«| =| 900 | ns | Note 
Write Cycle: 
Tww | Wawa SiC Cdn 
Other Timing: 
Symbol Parameter | Min, =| Max. | Unit Test Conditions 
Tasw | Reset Pulse wich ———SS*Y 8] 
T_ | SionatRisetime Si? Cn 
1 _| SignalFaitime ——~—SCiSCSCS~wSCiT 
Notes: 1. All timing measurements are made at the following reference voltages unless specified otherwise: Input “1” at 2.0V, “0” at 0.8V 
2. M8257: Cy = 100 pF, 8257-5: Cy, = 150 pF. Output ‘1” at 2.0V, “0” at 0.8V 


M8257 PERIPHERAL MODE TIMING DIAGRAMS 


Write Timing: Read Timing: 
Taw Twa 
CHIP SELECT CHIP SELECT 


+—§ Tag— 


sooresseus MT ADDRESS BUS 


Taw wa 
DATA BUS Yh 110" RD 
Tow Two 
1/0 WR \ ‘A DATA BUS 


Reset Timing: Input Waveform for A.C. Tests: 


2.4 
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M8257 PRELIMINARY 


A.C. CHARACTERISTICS: DMA (MASTER) MODE 
Ta= —55°C to 125°C, Voc = +5V + 10%, GND=0V 
Timing Requirements 


Note: 4. Tracking Parameter. 


Tracking Parameters 


Signals labeled as Tracking Parameters (footnotes 4-7 under A.C. Specifications) are signals that follow similar paths 
through the silicon die. The propagation speed of these signals varies in the manufacturing process but the rela- 
tionship between all these parameters is constant. The variation is less than or equal to 50 ns. 


Suppose the following timing equation is being evaluated, 
Tain) + Tawax) < 150 ns 


and only minimum specifications exist for Ta and Tg. If Tain is used, and if Ta and Tg are tracking parameters, 
Tpimax) Can be taken as Tain) + 50 ns. 


Tain) + (Taminy” + 50 ns) = 150 ns 
*if T, and Tg are tracking parameters 
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M8257 PRELIMINARY 


A.C. CHARACTERISTICS: DMA (MASTER) MODE 
Ta = —55°C to 125°C, Voc = +5V +10%, GND=O0V 
Timing Responses 


(measured at 2.0V)l1] 
(measured at 3.3V)I5I 
Tarr | Aarti Delay rom aysayh tr 
Tpsc Rd! or Wr(Ext)) Delay from Adr(DB) __ = | ns 
(Float)(S2)[4] 
Tix DACKt or WDelay from @(S2, $1) and a 270 ns 
TC/Markt Delay from 6t(S3) and 
TC/Marks Delay from 6*(S$4)I1/5] 
Toc Rd or Wr(Ext)) Delay from @t(S2) and a te ns 
Wri Delay from @t(S3)l2.6 
Wrt Delay from 6t(S4)l2,7] 
Tavis Rd Width ($2-S1 or SI)(4l | QToy+To-50 | ns 
Twice Wr(Ext) Width (S2-S4)/4] | Tey- 50 | sists 


Notes: 1. Load=1TTL. 2. Load=1TTL +50pF. 3. Load=1 TTL+(R_ =3.3K), VoH=3.3V. 4. Tracking Parameter. 
5. ATak< 50ns. 6. ATpc_<50ns. 7. ATpcT < 50 ns. 


M8257 PRELIMINARY 


DMA MODE WAVEFORMS 
CONSECUTIVE CYCLES AND BURST MODE SEQUENCE 


ss | si | so | st | sz | s3 | s# | st | sz | s3 | # | ss | Ss | S 


CLOCK 
Tos —e 
HRQ 
THs 
Tow 
THs—> 


HLDA KU Ue ee 


TaeL Taet 


ADR 0-7 (LOWER ADR) = — == 


Tan — 
TrEaDB ——> TaFoB 
DATAO-7(UPPER ADR) —= — — =f ———— a 
Tass 
TstL — TsttT 
ADR STB 
——e 
DACK 0-3 
TaHR 
Teac —> ag Toct 
Tare 
CLOCK 
NOTE: The clock waveform is | | 
duplicated for clarity. sy si SO | $1 | $2 | $3 | s4 | $1 | $2 | $3 | S4 | I | SI | si 


The M8257 requires 
only one clock input. 


Figure 1. Consecutive Cycles and Burst Mode Sequence 
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M8257 PRELIMINARY 


| $1 | $2 | $3 | S4 | Ss! | SI | so | $1 | S2 
CLOCK | 2 2 . 4S 
ona. ED (a Te 
HRO pel 
—| Tus — Tus 
HLDA 
tne 


Figure 2. Control Override Sequence 


7 ee 
cia & nPnreameamam Gwe =P a= aw 


RET RB/TORS = ———— Tee ie NY Seep 


RERCWR/TOWR mm — — al Wa De, ~---- 


<+— Trs 


READY 


TC/MARK 


Figure 3. Not Ready Sequence 


intel 
M8&259A 


PROGRAMMABLE INTERRUPT CONTROLLER 


MILITARY 
a iAPX 86, 88 Compatible a Programmable Interrupt Modes 
a MCS-80®, MCS-85® Compatible a Individual Request Mask Capability 
a Eight-Level Priority Controller a Single +5V Supply (No Clocks) 
a Expandable to 64 Levels a» —55°C to +125°C Temp. Range 


The Intel® M8259A Programmable Interrupt Controller handles up to eight vectored priority interrupts for the CPU. It is 
cascadable for up to 64 vectored priority interrupts without additional circuitry. It is packaged in a 28-pin DIP, uses NMOS 
technology and requires a single +5V supply. Circuitry is static, requiring no clock input. 


The M8259A is designed to minimize the software and real time overhead in handling multi-level priority interrupts. It has 
several modes, permitting optimization for a variety of system requirements. 


CONTROL LOGIC 


D,-Dy 


2 
BUFFER M8259A ‘ 


1 
2 
3 
4 
5 
6 
7 
8 
9 


IN- 
SERVICE ea 
REG 


(ISR) 


Figure 2. Pin Configuration 


ees nee 
(IMR) ° 


D7 - Dg DATA BUS (BI-DIRECTIONAL) 
RD READ INPUT 
WRITE INPUT 
COMMAND SELECT ADDRESS 
CHIP SELECT 
CASO CASCADE LINES 


PINT INTERRUPTOUTPUT 
L|IRO-IR7 INTERRUPT REQUESTINPUTS | 


CASCADE 
BUFFER/ 
COMPARATOR 


ag 
Sinead BUS 


INT INTERRUPT OUTPUT 
INTERRUPT ACKNOWLEDGE INPUT 
IRO -1R7 INTERRUPT REQUEST INPUTS 


Figure 1. Block Diagram 
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M8259A 


Table 2. Pin Descriptions 


Symbol I/O Pin # Function 
Voc 28 + 5V supply. 
GND 14 Ground. 


Do-_7 /O 11-4 Bidirectional data bus, used for: 
a) programming the mode of the 
8259A (programming is done by 
software); b) the microprocessor 
can read the status of the 8259A; 
c) the 8259A will send vectoring 
data to the microprocessor when 


an interrupt is acknowledged. 


Interrupt Requests: These are 
asynchronous inputs. A positive- 
going edge will generate an in- 
terrupt request. Thus a request 
can be generated by raising the 
line and holding it high until 
acknowledged, or by a negative 
pulse. In level triggered mode, no 
edge is required. These lines are 
active HIGH. 

Read (generally from 8228 in 
MCS-80 system or from 8086 in 
MCS-86 system). 

Write (generally from 8228 in 
MCS-80 sytem or from 8086 in 
MCS-86 system). 


Interrupt Acknowledge (generally 
from 8228 in MCS-80 system, 
8086 in MCS-86 system). The 8288 
generates three distinct INTA 
pulses when a CALL is inserted, 
the 8086 produces two distinct 
INTA pulses during an interrupt 
cycle. 


IRo-7 | 18-25 


DD 
ol 
w 


| 
Be) 
ine) 


INTA | 


N 
fo) 


Symbol I/O Pin # Function 


cs 1 Chip Select: RD and WR are en- 
abled by Chip Select, whereas In- 
terrupt Acknowledge is_ inde- 
pendent of Chip Select. 

AO | 27 Usually the least significant bit of 


the microprocessor address out- 
put. When AO=1 the Interrupt 
Mask Register can be loaded or 
read. When AOQ=0 the 8259A 
mode can be programmed or its 
status can be read. CS is active 
LOW. 


Goes directly to the micro- 
processor interrrupt input. This 
output will have high Voy to 
match the 8080 3.3V Vj. INT is 
active HIGH. 
Co-C2 W/O 12 Three cascade lines, outputs in 
13 master mode and inputs in slave 
15 mode. The master issues the 
binary code of the acknowledged 
interrupt level on these lines. 
Each slave compares this code 
with its own. 


SP/EN is a dual function pin. In 
the buffered mode SP/EN is used 
to enable bus transceivers (EN). In 
the non-buffered mode SP/EN 
determines if this 8259A is a mas- 
ter or a Slave. If SP=1 the 8259A 
is master; SP = 0 indicates a slave. 


SP/EN I/O 16 


ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias :....—55°C to 125°C 
Storage Temperature ............ — 65°C to + 150°C 
Voltage On Any Pin 

With Respect to Ground........... —-0.5V to +7V 
Power DISSIDAlION « j..c4555055 «x08 bere K ewes 1 Watt 


D.C. CHARACTERISTICS 
Ta= —55°C to 125°C, Voo=5V + 10% 


Symbol 


Vit Input Low Voltage 


VoL Output Low Voltage 


VOHIINT) 


ha Input Load Current 


lLOH Output Leakage Current 
loc Voc Supply Current 


lLoL Output Leakage Current i 


[Parameter SSM, «|S Mas 


NOTICE: 

Stresses above those listed under ‘‘Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. 


Test Conditions 


lo. = 2.2 mA 
lon= — 400 pA 
V lon= — 100 pA 
V lou= — 400 yA 
10 Vin= Voc to OV 
Voyr = 0.45V 
Vout = Vcc 
re ee 


8259A A.C. CHARACTERISTICS 
Ta= —55°C to +125°C, Voo=5V + 10% 
TIMING REQUIREMENTS 


M8259A 


Test Conditions 


Symbol Parameter 

TAHRL A0/CS Setup to RD/INTAY 

TRHAX AO/CS Hold after RD/INTAt 

TRLRH RD Pulse Width 

TAHWL AO/CS Setup to WRI 

TWHAX AO/CS Hold after WRt 

TWLWH WR Pulse Width 

TDVWH Data Setup to WRt 

TWHDX Data Hold after WR? 

TJLJH Interrupt Request Width (Low) 
r 

Tovar | pescaaerootap to second 0 

TRHRL End of RD to Next Command 

TWHRL End of WR to Next Command 


TIMING RESPONSES 


Symbol | Parameter | Min, 
Cin Input Capacitance A 
Cio l/O Capacitance a 


Synbol_[ Parameter. in| Wax 
TRLDV —| Data Vaid from RBINTRY [| 200 
TRHDZ 06 
TuHIA [Interrupt Output Delay | | 380 
TIALCV Cascade Valid from First INTAs P| 565 Cint= 100 pF 

(Master Only) 
TRLEL__| Enable Active from RD! or INTAY | | 128 
TRHEH | Enable Inactive from Rt or INTAT [| 150 
TAHDV | Data Valid from Stable Address | | 200 
TCVDV__| Cascade Valid to Valid Data [| | ——300 
CAPACITANCE 


Ta = 25°C; Voc = GND = 0V 


input Waveforms for A.C. Tests 


2.4 


2.2 2.2 


P. TEST POINTS < 


0.8 


0.8 
0.45 
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See Note 1 


Test Conditions 


C of Data Bus 
Max. test C= 100pF 
Min. test C= 15pF 


CenaBLe = 15 pF 


Notes 
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TELEX: 3520003 


CHINA 


C.M. Technologies 
525 University Avenue 
Suite A-40 

Palo Alto, CA 94301 
Tel: (415) 326-9150 


COLOMBIA 


International Computer Machines 
Carreta 7 No. 72-34 

Apdo. Aereo 19403 

Bogota 1 

Tel: 211-7282 

TELEX: 41314 INCO 


CYPRUS 


Cyprus Eltrom Electronics 
P.O. Box 5393 

Nicosia 

Tel: 21-27982 


DENMARK 


STL-Lyngso Komponent A/S 
Ostmarken 4 

DK-2860 Soborg 

‘Tel: (01) 67 00 77 

TELEX: 22990 


Scandinavian Semiconductor 
Supply A S 

Nannasgade 18 

DK-2200 Copenhagen 

Tel: (01) 83 50 90 

TELEX: 19037 


FINLAND 


Oy Fintronic AB 
Melkonkatu 24 A 
SF-00210 

Helsinki 21 

Tel: 0-692 6022 

TELEX: 124 224 Ftron SF 


FRANCE 


Celdis S.A.° 

53, Rue Charles Frerot 
F-94250 Gentilly 

Tel: (1) 581 00 20 
TELEX: 200 485 


Feutrier 

Rue des Trois Glorieuses 
F-42270 St. Priest-en-Jarez 
Tel: (77) 74 67 33 

TELEX: 300 0 21 


Metrologie* 

La Tour d’ Asnieres 

4, Avenue Laurent Cely 
92606-Asnieres 

Tel: 791 44 44 

TELEX: 611 448 


Tekelec Airtronic* 
Cite des Bruyeres 
Rue Carle Vernet 
F-92310 Sevres 
Tel: (1) 534 75 35 
TELEX: 204552 


GERMANY 


Electronic 2000 Vertriebs GmbH 
Neumarkter Strasse 75 

D-8000 Munich 80 

Tel: (089) 434061 

TELEX: 522561 


Jermyn GmbH 
Postfach 1180 
D-6077 Camberg 
Tel: (06434) 231 
TELEX: 484426 


Kontron Elektronik GmbH 
Breslauerstrasse 2 

8057 Eching B 

D-8000 Munich 

Tel: (89) 319 011 
TELEX: 522122 


Neye Enatechnik GmbH 
Schillerstrasse 14 

D-2085 Quickborn-Hamburg 
Tel: (04106) 6121 

TELEX: 02-13590 


GREECE 


American Technical Enterprises 
P.O. Box 156 

Athens 

Tel: 30-1-8811271 

30- 1-82 19470 


HONG KONG 

Schmidt & Co. 

28/F Wing on Center 
Connaught Road 

Hong Kong 

Tel: 5-455-644 

TELEX: 74766 Schmc Hx 
INDIA 


Micronic Devices 


104/109C, Nirmal Industrial Estate 


Sion (E) 

Bombay 400022, India 

Tel: 486-170 

TELEX: 011-5947 MDEV IN 


ISRAEL 


Eastronics Ltd.° 
11 Rozanis Street 
P.O. Box 39300 
Tel Aviv 61390 
Tel: 475151 
TELEX: 33638 


ITALY 


Eledra 3S SP.A.° 

Viale Elvezia, 18 

| 20154 Milan 

Tel: (02) 34.93.041-31.85.441 
TELEX: 332332 


JAPAN 


Asahi Electronics Co. Ltd. 
KMM Bldg. Room 407 
2-14-1 Asano, Kokura 
Kita-Ku, Kitokyushu City 802 
Tel: (093) 511-6471 

TELEX: AECKY 7126-16 


Hamilton-Avnet Electronics Japan Ltd. 
YU and YOU Bidg. 1-4 Horidome-Cho 
Nihonbashi 

Tel: (03) 662-9911 

TELEX: 2523774 


Ryoyo Electric Corp. 
Konwa Bldg. 

1-12-22, Tsukiji, 1-Chrome 
Chuo-Ku, Tokyo 104 

Tel: (03) 543-7711 


Tokyo Electron Ltd. 

No. 1 Higashikata-Machi 
Midori-Ku, Yokohama 226 
Tel: (045) 471-8811 
TELEX: 781-4473 


KOREA 


Koram Digital 

Room 909 Woonam Bldg. 
7, 1-KA Bongre-Dong 
Chung-Ku Seoul 

Tel: 238-123 

TELEX: K23542 HANSINT 


Leewood International, Inc. 
C.P.0. Box 4046 

112-25 Sokong-Dong 
Chung-Ku, Seoul 100 

Tel: 285-927 

TELEX: MOCNDM K23231 
CABLE: “LEEWOOD” Seoul 


MEXICO 


Proveedora Electronica, S.A. (Proesa) 
Prol. Moctezuma Ote. 24 

Col. Romero de Terreros 

Apdo. Postal 21-139 

Mexico 21, D.F. 

Tel: 554-8300 

TELEX: 017-72402 SAULME 


NETHERLANDS 


Inelco Nether. Comp. Sys. BV 
Turfstekerstraat 63 

Aalsmeer 1431 D 

Tel: (2977) 28855 

TELEX: 14693 


Koning & Hartman 
Koperwerf 30 
2544 EN Den Haag 
Tel: (70) 210.101 
TELEX: 31528 


NEW ZEALAND 


W. K. McLean Ltd. 

P.O. Box 18-065 

Glenn Innes, Auckland, 6 
Tel: 587-037 

TELEX: NZ2763 KOSFY 


NORWAY 


Nordisk Elektronic (Norge) A/S 
Postoffice Box 122 
Smedsvingen 4 

1364 Hvalstad 

Tel: 02 78 62 10 

TELEX: 17546 


PORTUGAL 


Ditram 

Componentes E Electronica LDA 
Av. Miguel Bombarda, 133 
Lisboa 1 

Tel: (19) 545313 

TELEX: 14347 GESPIC 


SINGAPORE 


General Engineers Associates 
Bik 3, 1003-1008, 10th Floor 
P.S.A. Multi-Storey Complex 
Telok Blangah/ Pasir Panjang 
Singapore 5 

Tel: 271-3163 

TELEX: RS23987 GENERCO 


SOUTH AFRICA 


Electronic Building Elements 
Pine Square 

18th Street 

Hazelwood, Pretoria 0001 
Tel: 011-27-12-46-9221 
TELEX: 30181SA 


SPAIN 


Interface S.A. 

Ronda San Pedro 22, 3° 
Barcelona 10 

Tel: 301 78 51 

TWX: 51508 


ITT SESA 

Miguel Angel 16 
Madrid 10 

Tel: (1) 4190957 
TELEX: 27707/27461 


SWEDEN 


AB Gosta Backstrom 
Box 12009 

10221 Stockholm 
Tel: (08) 541 080 
TELEX: 10135 


Nordisk Electronik AB 
Box 27301 

S- 10254 Stockholm 
Tel: (08) 635040 
TELEX: 10547 


SWITZERLAND 


Industrade AG 
Gemsenstrasse 2 
Postcheck 80 - 21190 
CH-8021 Zurich 

Tel: (01) 60 22 30 
TELEX: 56788 


TAIWAN 


Taiwan Automation Co. 
3d Floor #75, Section 4 
Nanking East Road 
Taipei 

Tel: 771-0940 

TELEX: 11942 TAIAUTO 


TURKEY 


Turkelek Electronics 
Apapurk Boulevard 169 
Ankara 

Tel: 189483 


UNITED KINGDOM 


Comway Microsystems Ltd. 
Market Street 
68-Bracknell, Berkshire 
Tel: (344) 51654 

TELEX: B47201 


G.E.C. Semiconductors Ltd. 
East Lane 

North Wembley 

Middlesex HA9 7PP 

Tel: (01) 904-9303/908-4111 
TELEX: 28817 


Jermyn Industries 
Vestry Estate 
Sevenoaks, Kent 
Tel: (0732) 501.44 
TELEX: 95142 


Rapid Recall, Ltd. 

6 Soho Mills Ind. Park 
Wooburn Green 
Bucks, England 

Tel: (6285) 24961 
TELEX: 849439 


Sintrom Electronics Ltd. 
Arkwright Road 2 

Reading, Berkshire RG2 OLS 
Tel: (0734) 85464 

TELEX: 847395 


VENEZUELA 


Componentes y Circuitos 
Electronicos TTLCA C.A. 
Apartado 3223 

Caracas 101 

Tel: 718-100 

TELEX: 21795 TELETIPOS 


*Field Application Location 


INTERNATIONAL SALES AND MARKETING OFFICES 


3065 Bowers Avenue 


Santa Clara, California 95051 


Tel: (408) 987-8080 
TWX: 910-338-0026 
TELEX: 34-6372 


INTEL® MARKETING OFFICES 


AUSTRALIA 


intel Semiconductor Pty. Ltd. 
Suite 2, Level 15, North Point 
100 Miller Street 

North Sydney, NSW, 2060 
Tel: 450-847 

TELEX: AA 20097 


BELGIUM 


intel Corporation S.A. 

Rue du Moulin a Papier 51 
Boite 1 

B-1160 Brussels 

Tel: (02) 660 30 10 
TELEX: 24814 


DENMARK 


Intel Denmark A/S* 
Lyngbyvej 32 2nd Floor 
DK-2100 Copenhagen East 
Tel: (01) 18 20 00 


' TELEX: 19567 


FINLAND 


Intel Finland OY 
Sentnerikuja 3 

SF - 00400 Helsinki 40 
Tel: (0) 558531 
TELEX: 123 332 


FRANCE 


Intel Corporation, S.A.R.L.° 
5 Place de la Balance 

Silic 223 

94528 Rungis Cedex 

Tel: (01) 687 22 21 
TELEX: 270475 


GERMANY 


Intel Semiconductor GmbH* 
Seidistrasse 27 

8000 Muenchen 2 

Tel: (089) 53 891 

TELEX: 523 177 


Intel Semiconductor GmbH 
Mainzer Strasse 75 

6200 Wiesbaden 1 

Tel: (06121) 700874 
TELEX: 04186183 


Intel Semiconductor GmbH 
Wernerstrasse 67 

P.O. Box 1460 

7012 Fellbach 

Tel: (0711) 580082 
TELEX: 7254826 


Intel Semiconductor GmbH 
Hohenzollern Strasse 5 
3000 Hannover 1 

Tel: (0511) 327081 
TELEX: 923625 


Intel Semiconductor GmbH 
Oberrathstrasse 2 

4000 Duesseldorf 30 

Tel: (0211) 651054-6 
TELEX: 8586977 


HONG KONG 


Intel Semiconductor Ltd. 
99-105 Des Voeux Rd., Central 
18F, Unit B 

Hong Kong 

Tel: 5-450-847 

TELEX: 63869 


ISRAEL 


Intel Semiconductor Ltd. ° 
P.O. Box 2404 

Haifa 

Tel: 972/452 4261 
TELEX: 92246511 


ITALY 


Intel Corporation Italia, S.p.A. 
Corso Sempione 39 

1-20145 Milano 

Tel: 2/34.93287 

TELEX: 311271 


JAPAN 
Intel Japan K.K.° 


Flower Hill-Shinmachi East Bldg. 


1-23-9 Shinmachi, Setagaya-ku 
Tokyo 154 

Tel: (03) 426-9261 

TELEX: 781-28426 


NETHERLANDS 


Intel Semiconductor B.V. 
Cometongebouw 
Westblaak 106 

3012 Km Rotterdam 

Tel: (10) 149122 
TELEX: 22283 


NORWAY 


Intel Norway A/S 
P.O. Box 92 
Hvamveien 4 
N-2013 

Skjetten 

Tel: (2) 742 420 
TELEX: 18018 


SWEDEN 


Intel Sweden A.B.° 
Box 20092 
Alpvagen 17 
S-16120 Bromma 
Tel: (08) 98 53 90 
TELEX: 12261 


SWITZERLAND 


Intel Semiconductor A.G. 
Forchstrasse 95 

CH 8032 Zurich 

Tel: 1-55 45 02 

TELEX: 557 89 ich ch 


UNITED KINGDOM 


Intel Corporation (U.K.) Ltd.° 
5 Hospital Street 

Nantwich, Cheshire CW5 5RE 
Tel: (0270) 62 65 60 

TELEX: 36620 


Intel Corporation (U.K.) Ltd. 
Dorcan House 

Eldine Drive 

Swindon, Wiltshire SN3 3TU 
Tel: (0793) 26101 

TELEX: 444447 INT SWN 


*Field Application Location 


3065 Bowers Avenue 

Santa Clara, California 95051 
Tel: (408) 987-8080 

TWX: 910-338-0026 

TELEX: 34-6372 


CALIFORNIA 


Intel Corp. 

1601 Old Bayshore Hwy. 
Suite 345 

Burlingame 94010 

Tel: (415) 692-4762 
TWX: 910-375-3310 


Intel Corp. 

2000 E. 4th Street 
Suite 100 

Santa Ana 92705 
Tel: (714) 835-9642 
TWX: 910-595-1114 


Intel Corp. 
7670 Opportunity Road 
San Diego 92111 

Tel: (714) 268-3563 


Intel Corp. 

3375 Scott Blvd. 
Santa Clara 95051 
Tel: (408) 987-8086 


Intel Corp. 

15335 Morrison 
Sherman Oaks 91403 
Tel: (213) 986-9510 


COLORADO 


Intel Corp. 

650 South Cherry 
Suite 720 

Denver 80222 

Tel: (303) 321-8086 
TWX: 910-931-2289 


FLORIDA 


Intel Corp. 

1001 N.W. 62nd Street 
Suite 406 

Ft. Lauderdale 33309 
Tel: (305) 77 1-0600 
TWX: 510-956-9407 


ILLINOIS 


Intel Corp. 

2550 Golf Road 

Suite 815 

Rolling Meadows 60008 
Tel: (312) 981-7230 
TWX: 910-253-1825 


KANSAS 


Intel Corp. 

9393 W. 110th Street 
Suite 265 

Overland Park 66210 
Tel: (913) 642-8080 


MARYLAND 


Intel Corp. 

7257 Parkway Drive 
Hanvover 21076 
Tel: (301) 796-7500 
TWX: 710-862-1944 


MASSACHUSETTS 


Intel Corp. 

27 Industrial Avenue 
Chelmsfor 01824 
Tel: (617) 667-8126 
TWX: 710-343-6333 


MICHIGAN 


Intel Corp. 

26500 Northwestern Hwy. 
Suite 401 

Southfield 48075 

Tel: (313) 353-0920 
TWX: 810-244-4915 


MINNESOTA 


Intel Corp. 

7401 Metro Blvd. 
Suite 355 

Edina 55435 

Tel: (612) 835-6722 
TWX: 910-576-2867 


MISSOURI 


Intel Corp. 

502 Earth City Plaza 
Suite 121 

Earth City 63045 
Tel: (314) 291-1990 


NEW JERSEY 


Intel Corp. 

2450 Lemoine Avenue 
Ft. Lee 07024 

Tel: (201) 947-6267 
TWX: 710-991-8593 


OHIO 


Intel Corp. 

Chagrin-Brainard Bldg. #210 
28001 Chagrin Bivd. 
Cleveland 44122 

Tel: (216) 464-2736 

TWX: 810-427-9298 


Intel Corp. 

6500 Poe Avenue 
Dayton 45414 

Tel: (513) 890-5350 
TWX: 810-450-2528 


OREGON 


Intel Corp. 

10700 S.W. Beaverton-Hillsdale Hwy. 
Bidg. 2, Suite 324 

Beaverton 97005 

Tel: (503) 641-8086 

TWX: 910-467-8741 


PENNSYLVANIA 


Intel Corp. 

275 Commerce Drive 
200 Office Center 
Suite 300 

Fort Washington 19034 
Tel: (215) 542-9444 
TWX: 510-651-2077 


U.S. AND CANADIAN SERVICE OFFICES 


TEXAS 


Intel Corp. 

313 E. Anderson Lane 
Suite 314 

Austin 78752 

Tel: (512) 454-3628 
TWX: 910-874-1347 


Intel Corp. 

2925 L.B.J. Freeway 
Suite 175 

Dallas 75234 

Tel: (214) 241-2820 
TWX: 910-860-5617 


Intel Corp. 

6420 Richmond Avenue 
Suite 280 

Houston 77057 

Tel: (713) 784-1300 
TWX: 910-881-2490 


VIRGINIA 


Intel Corp. 
7700 Leesburg Pike 
Suite 412 
Falls Church 22043 
Tel: (703) 734-9707 
TWX: 710-931-0625 


WASHINGTON 


Intel Corp. 

1603 116th Ave. N.E. 
Suite 114 

Bellevue 98005 

Tel: (206) 232-7823 
TWX: 910-443-3002 


WISCONSIN 


Intel Corp. 

150 S. Sunnyslope Road 
Suite 148 

Brookfield 53005 

Tel: (414) 784-9060 


CANADA 


Intel Corp. 

50 Galaxy Bivd. 
Unit 12 

Rexdale, Ontario 
MOW4Y5 

Tel: (416) 675-2105 
Telex: 069-83574 


Intel Corp. 

39 Hwy. 7, Bells Corners 
Ottawa, Ontario 

K2H 8R2 

Tel: (613) 829-9714 
Telex: 053-4115 
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BUSINESS REPLY CARD 


FIRST CLASS PERMIT NO. 621, SANTA CLARA, CA 


Postage will be paid by Addressee: 


Intel Corporation 

Attn: Literature Department 
3065 Bowers Avenue 

Santa Clara, California 95051 


NO POSTAGE 
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4812 Commercial Drive N.W. 


Huntsville, AL 35805 
Tel: (205) 837-7210 


505 S. Madison Dr. 
Tempe, AZ 85281 
Tel: (602) 894-1942 


350 McCormick Ave. 
Costa Mesa, CA 92626 
Tel: (714) 754-6051 


3170 Pullman 
Costa Mesa, CA 92626 
Tel: (714) 641-4109 


10912 W. Washington Blvd. 
Culver City, CA 90230 
Tel: (213) 558-2193 


4545 Viewridge Ave. 
San Diego, CA 92123. 
Tel: (714) 571-7926 


1175 Bordeaux Dr. 
Sunnyvale, CA 94086 | 
Tel: (408) 743-3300 


8765 E. Q@rchard Rd. 
Suite 708 

Englewood, CO 80111 
Tel: (303) 740-1017 


Commerce Drive’ 
Commerce Park 
Danbury, CT 06810 
Tel: (203) 797-2800 


~ 6800 N.W. 20th Ave. / 
Ft. Lauderdale, FL 33309 
Tel: (305) 971-2900 


3197. Tech Dr.N. 
St. Petersburg, FL 33702 
Tel: (813) 576-3930 


5825 D: Peachtree Corners 
Norcross, GA 30092 
Tel: (404) 447-7500 


3901 N: 25th Ave. 
Schiller Park, IL 60176 
Tel: (312) 678-6310 


485 Gradle Dr. 
Carmel, IN 46032 


Tel: (317) 844-9333 


Tamiito 
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9219 Quivera Rd. 
Overland Park, KS 66215 
Tel: (913) 888-8900 


7235 Standard Dr. 
Hanover, MD 21076 
Tel: (301) 796-5684 


. 50 Tower Office Park 
-Woburn, MA 01801 
Tel: (617) 935-9700 


32487 Schoolcraft Rd. 
Livonia, MI 48150 
Tel: (313) 522-4700 


7449 Cahill Rd. 
Edina, MN 55435 
Tel: (612) 941-3801 


13743 Shoreline Ct. 
Earth City, MO 63045 
Tel: (314) 344-1200 


1 Keystone Ave. 
Cherry Hill, NJ 08003 
Tel: (609) 424-0100 


10 Industrial 
Fairield, NU 07006 
Tel: (201) 575-3390 


45 Route 46 
Pinebrook, NJ 07058 
Tel: (201) 227-1262 


2524 Baylor Dr. SE 
Albuquerque, NM 87119 
Tel: (505) 765-1500 


16. Corporate Circle 
&. Syracuse, NY 13057 
Tel: (315) 437-2641 _ 


5 Hub Dr. 
Melville, NY 11746 
Tel: (516) 454-6000 


333 Metro Park 
Rochester, NY 14623 
Tel: (716) 475-9130 


60 Crossways Park West 
Woodbury, LI, NY 11797 
Tel: (516) 921-8700 


Printed in U.S.A./P-26/1180/30,000/UP 


A DIV. OF AVWET INC: 


2803 Industrial Dr. ; 
Raleigh, NC 27609 
Tel: (919) 829-8030 


954 Senate Dr. ~ 
Dayton, OH 45459 
Tel: (513) 443-0610 


4588 Emery Industrial Pkwy. 
Warrensville Heights, OH 44128 
Tel: (216) 831-3500 


6024 S.W. Jean Rd. 
Suite 10, Bldg. C : 
Lake Oswego, OR 97034 
Tel: (503) 635-7848 


10508A Boyer Blvd. 
Austin, TX 78757 
Tel: (512) 837-8911 


3939 Ann Arbor 
Houston, TX 77063 
Tel: (713) oe (oe 


2111 W. Walnut Hill Lane 
Irving, TX 75062 
Tel: (214) 659-4100 


1585 West 2100 South 


. Salt Lake City, UT 84119 


‘Tel: (801) 972-2800 


14212 NE 21st 
Bellevue, WA 98005 
Tel: (206) 453-5844 


2975 Moorland Rd. ~ 
New Berlin, WI 53151 
Tel: (414) 784-4510 


1735 Courtwood Crescent 
Ottawa, Ontario 

Canada K2C 3J2. 

Tel: (613) 226-1700 


6845 Rexwood Rd. 

Units G&H 

Mississauga, Toronto 
Ontario, Canada L4V 1M5 
Tel: (416) 677-7432 


2670 Sabourin St: 

St. Laurent, Montreal sa 
Quebec, Canada H4S 1M2 

Tel: (514) 331-6443 


